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Foreword (This foreword is not part of American National Standard ANSI N1 4. 1-2001.) 

This standard was developed under the procedures of the American National Stan- 
dards Institute by Subcommittee N14-8 (later changed to N14-1) of Accredited Stan- 
dards Committee N14 on Transportation of Fissile and Radioactive Materials. The 
secretariat of N14 is presently held by the Institute of Nuclear Materials Management. 
At the time this standard was being developed, it was held by the American Insur- 
ance Association. 

The N14 Committee has the following scope: 

Standards for the packaging and transportation of fissile and radioactive materials 
but not including movement or handling during processing and manufacturing opera- 
tions. 

Packaging of uranium hexafluoride (UF 6 ) for transport is an essential part of a safe 
and economical nuclear industry. This standard presents information on UF 6 cylin- 
ders, valves, protective packages, and shipping. 

The packaging and transport of UF 6 is subject to regulation by government agencies 
having jurisdiction over packaging and transport. This standard does not take prece- 
dence over applicable U.S. Nuclear Regulatory Commission (NRC), U.S. Depart- 
ment of Energy (DOE), U.S. Department of Transportation (DOT), or other 
governmental regulations. 

This standard covers only those standard cylinders that meet all of the acceptance 
criteria for UF 6 handling and is recommended for all new cylinder construction. Cyl- 
inders currently in service and not in accordance with this standard are acceptable 
for continued use, provided that they are inspected, tested, and maintained so as to 
comply with the intent of this standard and are used within their original design limita- 
tions. 

It should be noted that some technical regulatory material has been restated in this 
standard. It was determined by the subcommittee that this is appropriate and conve- 
nient and would assist the user of the standard. For more detailed information, the 
user is encouraged to use the appropriate regulatory document. 

Suggestions for improvement of this standard will be welcome. They should be sent 
to the Institute of Nuclear Materials Management, 60 Revere Drive, Suite 500, North- 
brook, IL 60062. 

This standard was processed and approved for submittal to ANSI by Accredited 
Standards Committee on Transportation of Fissile and Radioactive Materials, N14. 
Committee approval of the standard does not necessarily imply that all committee 
members voted for its approval. At the time this revision of the standard was ap- 
proved, the N14 Committee had the following members: 

John W. Arendt, Chair 
Rick Rawl, Vice Chair 
L. Paul Crawford, Secretary 

Organization Represented Name of Representative 

American Insurance Service Group S.M. Fastman 

American Nuclear Society D.M. Dawson 

American Society for Testing and Materials Alexander M. Perritt 

Atomic Industrial Committee on Transportation H. Waichli 

Center for Devices and Radiological Health E. Tupin 

CP. Froom (Ait.) 
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Conference of Radiation Control William Pitchford 

Contract Traffic Managers Association Max D. Ruska 

Randy Walker(Alt) 

Factory Mutual System P.H. Dobson 

Health Physics Society Kevin Nelson 
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International Association of Chiefs of Police R.H. Sostkowki 

International Atomic Energy Agency H.A. Selling 

Military Traffic Management Command ..C.E. Radford 

H.H. Yeager(Alt-) 

U.S. Coast Guard Emmanuel Pfersich 

U.S. Department of Energy M.E. Wangler 

Mona F. Williams(Alt.) 

U.S. Department of Transportation Richard Boyle 

U.S. Environmental Protection Agency J. Scott Telofski 

U.S. Nuclear Regulatory Commission C.R. Chappell 

E.P. Easton (Alt.) 

D. Westman (Alt.) 



Individual Members 



M. E. Bennett 

Dr. E. Bentz 

R. Best 
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John M. Cece 

J. R. Clark 
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L. D. Fischer 
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D. Fisher 
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AMERICAN NATIONAL STANDARD ANSI N14.1-2001 

American National Standard 
for Nuclear Materials - 

Uranium Hexafluoride - 
Packaging for Transport 

1 Scope and Purpose 

1.1 Scope 

This standard provides criteria for packaging of uranium hexafluoride (UF 6 ) for transport. It in- 
cludes specific information on design and fabrication requirements for the procurement of new 
UF 6 packagings. This standard also defines the requirements for in-service inspections, cleanli- 
ness, and maintenance for packagings in service. Packagings currently in service and not spe- 
cifically defined in this standard are acceptable for use, provided they are used within their origi- 
nal design limitations and are inspected, tested, and maintained so as to comply with the intent of 
this standard. Also included are cylinder loadings, shipping details, and requirements for valves 
and valve protectors. 

1.2 Purpose 

This standard is intended to provide guidance and criteria for shipment of UF 6 . It will assist in 
providing for compatibility of UF 6 packaging among different users within the nuclear industry. 

2 Normative references 

The following standards and references contain provisions, which, through reference in this text, 
constitute provisions of this American National Standard. At the time of publication, the editions 
indicated were valid. All standards and references are subject to revision, and parties to agree- 
ments based on this American National Standard are encouraged to investigate the possibility of 
applying the most recent editions of the standards and references indicated below. 

ANSI N1 4.30-1 992, Nuclear Materials- Semi-Trailers Employed in the Highway Transport of 
Weight-Concentrated Radioactive Loads- Design, Fabrication, and Maintenance. 

ANSI/ASME Boiler and Pressure Vessel Code 1998 

ANSI/ASME B1 .1 -1 989, Unified inch Screw Threads (UN and UNR Thread Form) 

ANSI/ASME B1 .5-1997, Acme Screw Threads 

ANSI/ASME B1 .20. 1-1 983, Pipe Threads, General Purpose (Inch) 

ANSI/ASME B1 6. 1 1 -1 996, Forged Steel Fittings, Socket-Welding and Threaded 

ANSI/ASME NQA-1-2000, Quality Assurance Program Requirements for Nuclear Facilities 

ANSI/AWS A5.1-1991 (R1999), Specification for Covered Carbon Steel Arc Welding Electrodes 

ANSI/AWS A5.8-1992, Specification for Filler Metals for Brazing 

ANSI/AWS A5.1 4-97, Specification for Nickel and Nickel Alloy Bare Welding Electrodes and Rods 

ANSI/AWS A5.1 7-97, Specification for Carbon Steel Electrodes and Fluxes for Submerged Arc 
Welding 



* The 1989 edition of this standard is available in archive format. Although the standard was administratively 
withdrawn it has been submitted as a new standard and is currently undergoing the approval process. 
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ANSI/AWS A5.18-1993, Specification for Carbon Steel Filler Metals for Gas-Shielded Arc Weld- 
ing 

ANSI/AWS D1. 1-1 998, Structural Welding Code-Steel 

ANSI/CGA V-1-1 994, Compressed Gas Cylinder Valve Outlet and Inlet Connections 

ASTM A20/A20M-97, Specification for General Requirements for Steel Plates for Pressure Ves- 
sels 

ASTM A36-2000, Specifications for Structural Stee/ 1) 

ASTM A53-B-98, Specification for Black and Hot-Dipped, Zinc Coated Welded and Seamless 
Steel Pipe 

ASTM A1 05/A1 05M-98, Specification for Carbon Steel Forgings for Piping Components^ 

ASTM A1 08-95, Specification for Steel Bars, Carbon, Cold-Finished, Standard Quality^ 

ASTM A1 31 -94, Specification for Structural Steel for Ships^ 

AS ME SA-240, Specification for Heat-Resisting Chromium and Chromium-Nickel Stainless Steel 
Plate, Sheet, and Strip for Pressure Vessels 

ASTM A285-90, Specification for Carbon Steel Low and Intermediate-Tensile Strength Pressure 
Vessel Plates^ 

ASTM A370-97, Methods and Definitions for Mechanical Testing of Steel Products^ 

ASTM A51 6-90, Specification for Carbon Steel Pressure Vessel Plates for Moderate-and Lower- 
Temperature Service^ 

ASTM A570-98, Specification for Hot-Rolled Carbon Steel Sheets and Strip, Structural Quality^ 

ASTM A575-96, Specification for Merchant Quality Hot-Rolled Carbon Steel Bars^ 

ASTM B32-96, Specification for Solder MetaP 

ASTM B 127-98, Specification for Nickel-Copper Alloy Plate, Sheet, and Strip^ 

ASTM 150-98, Specification for Aluminum Bronze Rod, Bar, and Shapes^ 

ASTM 1 60-93, Specification for Nickel Rod and 6ar 1) 

ASTM 1 61 -93, Specification for Nickel Seamless Pipe and Tube^ 

ASTM 162-93, Specification for Nickel Plate, Sheet, and Strip^ 

ASTM B1 64-98, Specification for Nickel-Copper Alloy Rod and Bar r] 

ASTM B1 65-93, Specification for Nickel-Copper Alloy Seamless Pipe and Tube v 

ASTM B249-94, Specification for General Requirements for Wrought Copper and Copper-Alloy 
Rod, Bar and Shapes^ 

ASTM B366-98, Specification for Factory-Made Wrought Nickel and Nickel- Alloy Welding Fit- 
tings^ 

AWS B2.1 -98, Welding Procedure and Performance Qualification 2) 

[1] Standards for protection against radiation. Title 10, code of Federal Regulations, Part 20, 
Washington D.C.: Government Printing Office, January 1, 1999. 3) 



1) Available from ASTM 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959. 

2) Available from American Welding Society, 550 N. LeJeune Rd., Miami, FL 33135. 

3) Available from Superintendent of Documents, P.O> Box 371954, Pittsburgh, PA 15250 
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[2] Special nuclear materials. Title 10, code of Federal Regulations, Part 70, Washington D.C.: 
Government Printing Office, January 1, 1993. 3) 

[3] Packaging and transportation of radioactive material. Title 10, Code of Federal Regulation, 
Part 71, Washington D.C.: Government Printing Office, January 1, 1999. 3) 

[4] Radioactive materials; definitions. Title 49, Code of Federal Regulation, Part 173.403, Wash- 
ington D.C.: Government Printing Office, October 1, 1998. 3} 

[5] Regulations applying to shippers. Title 49, Code of Federal Regulations, Part 173, Washing- 
ton D.C.: Government Printing Office, October 1, 1998 3) 

[6] Shipper container specifications. Title 49, Code of Federal Regulations, Part 178, Washing- 
ton D.C.: Government Printing Office, October 1 , 1999 3) 

[7] Regulations for the safe transport of radioactive materials. Vienna: International Atomic En- 
ergy Agency, No. ST-1, 1996. 4) 

[8] Fissile materials, general requirements. Title 49, CFR, Part 173.451, Washington D.C.: Gov- 
ernment Printing Office, October 1 , 1998. 3) 

[9] Certificate of compliance, USA/6553/AF. Nuclear Regulatory Commission, Washington, D.C. 
20545, latest revision. 

[10] IAEA Competent Authority Certification for Fissile Radioactive Materials, Package Design 
Certificate USA/041 1/AF, Revision 4, September 24, 1993. 5) 

[11] The UF 6 Manual Good Handling Practices for Uranium Hexafluoride, January 1999. United 
States Enrichment Corporation 6) 

[12] Directory of certificate of compliance for radioactive material packages, NUREG-0383. 7) 

[13] DOT 7A Type A Certification document, Test and Evaluation Document for DOT 7A Type A 
Packaging, DOE/RL-96-57. 7) 



3 Definitions 

The definitions below are of a restricted nature for the purpose of this standard. 

Terms defined in Title 10, code of Federal Regulations (CFR), Parts 20 [1], 8) 70 [2], and 71 [3], 
and in Title 49, CFR, Part 173.403[4] have the same meaning when used in this standard. 

3.1 Becquerel: The SI unit of radioactivity. One becquerel = 1 disintegration per second. 

3.2 Clean cylinder: A cylinder that has been previously used and has been cleaned to re- 
move residual quantities of uranium and other contaminants. 

3.3 Curie (Ci): The special unit of radioactivity. One curie equals 3.7x10(10) disintegrations 
per second = 3.7x10(10) becquerels (Bq). (A method for calculating the activity level in cylinders 
of UF 6 is provided in Appendix C.) 

3.4 Cylinder tare weight: The weight of the clean cylinder including the valve(s) and plug(s) 
at an internal pressure of 6 psia or less. 



4) Available from Bernan Associates, UNIPUB, Inc., 46 11-F Assembly Dr., Lanham, MD 20706-4391. 
5 ' Available from U.S. Department of Transportation, Washington, DC 20590. 

6) Available from the United States Enrichment Corporation, Two Democracy Center, 6903 Rockiedge Dr., 
Bethesda, MD 20817, Attention: Vice President of Production. 

7) Available from The Department of Energy, Packaging Certification Staff, 19901 Germantown Rd., Ger- 
mantown,MD 20874. Telephone 301-353-5394. 

8) Numbers in brackets refer to corresponding numbers in clause 2, Normative references. 
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3.5 DOT specification container: A container whose design has been specified by the U.S. 
Department of Transportation (DOT) in 49 CFR Part 173 and whose use is limited by the terms 
and conditions of the specification and provisions in 49 CFR Part 178. DOT Specification con- 
tainers are authorized for use by NRC licensees by general license provisions in 10 CFR Part 71. 

3.6 Empty cylinder: A cylinder containing a residual amount of UF 6 and nonvolatile reaction 
products of uranium (heel) in quantities less than those specified in 8.1.2. This definition should 
not be confused with the category of empty packaging used in 49 CFR 173.428. 

3.7 Fabricator: One who manufactures, repairs, or modifies a packaging. 

3.8 Fissile material: UF 6 containing uranium that has more uranium-235 than the naturally 
occurring distribution of uranium isotopes. Note : UF 6 that is fissile material but is enriched to a 
maximum of one weight percent U-235, or is limited to a maximum 15 grams of fissile radionu- 
clides (U-233, U-235, Pu-238, Pu239, and Pu-241) per package is considered fissile excepted 
material. 

3.9 Fissile excepted material: UF 6 containing uranium that is enriched to a maximum of 1 
weight percent U-235, with a total plutonium and uranium-233 content up to 1 percent of the 
mass of uranium-235, or UF 6 that is limited to a maximum of 1 5 grams of fissile radionuclides (U- 
233, U-235, Pu-238, Pu-239, and Pu-241) per package., 

3.10 Heel: A residual amount of UF 6 and nonvolatile reaction products of uranium. 

3.11 Low-specific-activity material: Unirradiated UF 6 that is classified as non-fissile or fis- 
sile excepted material. 

3.12 MDMT: Minimum design metal temperature to meet ASME Code requirements. 

3.13 MAWP: Maximum allowable working pressure permitted by ASME Code requirements. 

3.14 New cylinder: An unused cylinder that has been cleaned to remove fabrication debris. 

3.15 Non-fissile material: Unirradiated UF 6 composed of natural or depleted uranium. 

3.16 Normal-form radioactive material: A radioactive material that has not been demon- 
strated to qualify as special-form radioactive material. UF 6 is classified as a normal-form material. 

3.17 Owner: The individual, agency, contractor, company, or corporation that carries title to, 
or will carry title to, the packaging during its use. 

3.18 Packaging: A container to be used for the transport of UF 6) including the outer protec- 
tive packaging when utilized. 

3.19 Outer protective packaging (overpack): Outer packaging used for fire and impact pro- 
tection for cylinders containing fissile UF 6 . 

3.20 Qualified inspector: An individual who has passed the written examination sponsored 
by the National Board of Boiler and Pressure Vessel Inspectors, and holds a current certificate of 
competency, or other competent inspector designated by the cylinder owner's inspection author- 
ity. 

3.21 Shall, should, and may: The word "shall" denotes a requirement, the word "should" de- 
notes a recommendation, and the word "may" denotes permission, neither a requirement nor a 
recommendation. Conformance with this standard means that all operations are performed in 
accordance with its requirements but not necessarily with its recommendations. 

3.22 Shipper: One who offers the package of UF 6 for transport. 

3.23 Transport index: (for domestic shipments in the United States to meet DOT require- 
ments). The dimensionless number (rounded up to the next tenth) placed on the label of a pack- 
age to designate the degree of control to be exercised by the carrier during transportation. The 
transport index is determined as follows: 
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1) For non-fissile or fissile excepted packages, the number is determined by multiplying the 
maximum radiation level in milliSieverts per hour at one meter (3.3 feet) from the external sur- 
face of the package by 100, which is equivalent to the maximum radiation level in millirem per 
hour at one meter (3.3 feet); or 

2) For fissile material packages, the number is determined by multiplying the maximum radia- 
tion level in milliSieverts per hour at one meter (3.3 feet) from the external surface of the pack- 
age by 100, which is equivalent to the maximum radiation level in millirem per hour at one me- 
ter (3.3 feet); or, for criticality control purposes, the number obtained by dividing 50 by the al- 
lowable number of packages which may be transported together, whichever number is larger. 

3.24 Type-A quantity of radioactive material: A quantity of radioactive material, the aggre- 
gate radioactivity of which does not exceed A2 for normal form radioactive material, where A2 is 
given in table A-1 of 10 CFR Part 71 or in 49 CFR 173.435. 

3.25 Type-B quantity of radioactive material: A quantity of radioactive material greater than 
that of a type-A quantity. 

3.26 Unirradiated UF 6 : UF 6 that has not been recycled from prior use in a nuclear power re- 
actor. 



4 Quality Assurance 

The licensee-user shall have a documented quality assurance (QA) program that meets the ap- 
plicable criteria of the Code of Federal Regulations, Subpart H, Title 10, CFR, Part 71 [3] or 
ANSI/ASME NQA-1-1994, at least for those quality-related activities associated with procure- 
ment, maintenance, repair, and use of the cylinder and the protective packaging. The licensee- 
user shall ensure that all parties meet the applicable QA requirements in Subpart H, Title 10, 
CFR, Part 71 to ensure that the product or service supplied meets the requirements of this stan- 
dard. Certain quality-related activities (design, fabrication, inspection, testing, modification, and 
the like) may be satisfied by obtaining certificates from cylinder and package suppliers (fabrica- 
tors) stating that their activities were conducted in accordance with a QA program that meets the 
requirements of the Code of Federal Regulations Subpart H, Title 10, CFR, Part 71. 



5 Packaging Requirements 

5.1 General Packaging Requirements 

UF 6 is packaged for transport in cylinders meeting the inspection, testing, and in-service require- 
ments of this standard and is shipped: 

1 ) In bare cylinders that incorporate a feature, such as a unique seal that, while intact, will be 
evidence that the package has not been illicitly opened, and that qualify as "strong, tight pack- 
ages" for low specific activity material transport in accordance with 49 CFR 173.427; or 

2) In bare cylinders that incorporate a feature, such as a unique seal that, while intact, will be 
evidence that the package has not been illicitly opened, and that qualify as DOT Specification 
7A packages; or 

3) In cylinders in outer protective packaging that meet DOT Specification 20 PF or 21 PF or 
are authorized by NRC or DOE certificates of compliance or IAEA certificate of competent au- 
thority. The outside of each package shall incorporate a feature, such as a unique seal that, 
while intact, will be evidence that the package has not been illicitly opened. 

5.2 Packaging for Low Specific Activity UF 6 . 

5.2.1 Non-exclusive Use Shipments 

Non-fissile and fissile-excepted UF 6 (i.e., natural and depleted uranium, and uranium enriched to 
a maximum 1 .0 weight percent U-235), when transported in less than truckload quanities (non- 
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exclusive use), shall be packaged in accordance with 49 CFR 173.415(a). The packaging shall 
meet the additional requirements of 49 CFR 173.420, Uranium Hexafluoride (fissile, fissile ex- 
cepted and non-fissile). Cylinders covered by this standard qualify as DOT Specification 7A 
packagings. Test results and certification information for these cylinders may be found in report 
Test and Evaluation Document for DOT Specification 7A Type A Packaging, DOE/RL-96-57. 

5.2.2 Exclusive Use Shipments 

Non-fissile and fissiie-excepted UF 6 are excepted from specification packaging requirements 
when transported as exclusive use and meeting the other requirements of 49 CFR 173.427(b)(3). 
The UF 6 shall be packaged in cylinders covered by this standard. These cylinders satisfy the 
strong, tight packaging requirements of 49 CFR 1 73.427(b)(3). The packaging shall meet the ad- 
ditional requirements of 49 CFR 173.420, Uranium Hexafluoride (fissile, fissile excepted and non- 
fissile). 

5.3 Packaging for UF 6 Enriched Greater than 1 .0 wt% 235U 

UF 6 enriched to greater than 1 .0 wt% shall be packaged in accordance with the DOT regulations 
of Title 49 CFR Parts 1 73 [5] and 1 78 [6] or in other NRC or DOE certified package designs. 
These packages consist of an inner UF 6 cylinder, excluding Type 48G and 48H, which are limited 
to 1.0 wt% assay or less, plus an outer protective package, except for "heels," which may be 
transported in bare cylinders. The acceptable amount of "heel" (residual uranium) in bare cylin- 
ders is defined in 8.1.2. 

5.4 Physical Condition of UF 6 

UF 6 shall be shipped only after it has solidified and the vapor pressure of the cylinder has been 
measured to be below 1 atm, and the measured purity of the cylinder contents is within specifica- 
tion. (It should be noted that solid UF 6 is a heavy crystalline mass that is readily sublimed at room 
temperature. "Cracking" sounds sometimes emanate from large UF 6 cylinders as the ambient 
temperature changes.) 

5.5 Standard UF 6 Cylinders 

Standard UF 6 cylinder data are shown in Table 1 . Table 1 provides requirements for cylinders 
currently in service. Cylinders listed in Table 1 that are not specifically defined in this standard 
are acceptable for continued use, provided they are inspected, tested, and maintained in accor- 
dance with the intent of this standard and the requirements stated in Table 1 . 



6 Cylinders 

6.1 Design and Fabrication 

6.1.1 General 

Design, fabrication, inspection, testing, and cleaning of UF 6 cylinders shall be as specified in 6.4 
through 6.15. Design conditions and materials specified therein for pressure containing portions 
of the cylinders shall be adhered to. The -40 degree F minimum transport temperature specified 
in the standard for some cylinders is to assure impact resistance of the shell and heads in the 
event of an accident in a cold climate in order to comply with the transport regulatory require- 
ments. Since the pressure in the cylinder is below atmospheric at subzero temperatures, the 
minimum transport temperature is not a requirement of the ANSI/ASME Boiler and Pressure Ves- 
sel Code. 

The manufacturer shall be notified concerning quality assurance and his/her participation therein. 

In order to minimize points of leakage, it is desirable to install only one valve and one plug. How- 
ever, if additional valves or plugs are deemed necessary by the purchaser, they may be provided 
if they are installed in accordance with the requirements specified in 6.10.6, 6.11.6, 6.12.6, and 
6.13.6. Cylinder, valve, and valve protector details are given in Figures 1 through 13. 
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Table 1 - Standard UF 6 Cylinder Data 



Model 
Number 


Nominal 

Diameter 

(in) 


Material of Con- 
struction 


Minimum 
Volume Ft 3 


Approximate 

Tare Weight 

(Without Valve 

Protector) (lb) 


Maximum 

Enrichment 

Wt% 235 U 


Maximum 
Fill Lmit 
(lb UF 6 ) 


1S 


1.5 


Nickel or Nickel- 
copper alloy 3 


0.0053 


1.75 


100 


1.0 b 


2S 


3.5 


Nickel or Nickel- 
copper alloy a 


0.0254 


4.2 


100 


4.9 b 


5A 


5 


Nickel or Nickel- 
copper alloy 3 


0.284 


55 


100 


54.9 b 


5B 


5 


Nickel 


0.284 


55 


100 


54.9 b 


8A 


8 


Nickel or Nickel- 
copper alloy 3 


1.319 


120 


12.5 


255 b 


12A C 


12 


Nickel 


2.38 


185 


5 


460 b 


12B 


12 


Nickel or Nickel- 
copper alloy 3 


2.38 


185 


5 


460 b 


30B d 


30 


Steel 


26 


1400 


5 e 


5020 b 


48A f 


48 


Steel 


108.9 


4500 


4.5 e 


21030 b 


48X 


48 


Steel 


108.9 


4500 


4.5 e 


21030 b 


48F f 


48 


Steel 


140 


5200 


4.5 e 


27030 b 


48Y 


48 


Steel 


142.7 


5200 


4.5 e 


27560 b 


48T 9 


48 


Steel 


107.2 


2450 




20700 b 


480 9 


48 


Steel 


135 


2650 




26070 h 


480M g 
Allied 


48 


Steel 


140 


3050 




27030 h 


480M 9 


48 


Steel 


135 


2650 




26070 h 


48H 9 


48 


Steel 


140 


3250 




27030 h 


48HX 9 
48G 


48 


Steel 


139 


2650 




26840 h 


a For example, Monel or the equivalent. 

b Fill limits are based on 250°F maximum UF 6 temperature (203.3 lb UF 6 per ft 3 ), certified minimum internal volumes for all cylin- 
ders, and a minimum cylinder ullage of 5%. These operating limits apply to UF 6 with a minimum purity of 99.5%. More restrictive 
measures are required if additional impurities are present. This maximum temperature shall not be exceeded. It should be noted 
that initial cylinder heating may result in focalized pressures above a normal UF 6 vapor pressure. This may be evidenced by an 
audible bumping similar to a water hammer. 

c This cylinder is presently in service. New procurement should be model 1 2B. 

d This cylinder replaces the Model-30A cylinder, which has a fill limit of 4950 pounds. 

6 These maximum enrichments require moderation control equivalent to a UF 6 purity of 99.5%. Without moderation control the 
maximum permissible enrichment is 1.0 wt% 235 U. 

f Cyfinder 48A and 48F are identical to 48X and 48Y, respectively, except that the volumes are not certified. 

9 This cylinder is similar to design to the 48G in that their design conditions are based on 1 00 psig at 235°F. 

h Fill limits are based on 250°F maximum UF 6 temperature and minimum UF 6 purity of 99.5%. The allowable fill limit for tails UF 6 
with a minimum UF 6 purity of 99.5% may be higher but shall not result in a cylinder ullage or less than 5% when heated to the 
cylinder design temperature of 235°F based on the actual certified volume. 
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6.1.2 Reports, Certification, and Records 

For each cylinder fabricated in accordance with this standard, the manufacturer shall supply to pur- 
chaser and to the National Board of Boiler and Pressure Vessel Inspectors, copies of the Manufac- 
turer's Data Report, Form U-1 or U-1A, as provided in Section VIII, Division 1, of the ANSI/ASME Code. 

The manufacturer shall provide for the purchaser (1) a copy of the "as built" drawing pertaining to 
the cylinder or cylinders involved and (2) one copy of each radiograph, properly identified with the 
cylinder and location to which it applies. 

The manufacturer shall measure the actual water capacity of each cylinder, and shall certify to 
the purchaser the water weight in pounds at a temperature of 60°F. This weight shall be accurate 
to the percentage specified for each type cylinder in 6.4 through 6.13. For a cylinder to be ac- 
ceptable, the quotient of the certified water weight divided by 62.37 (the weight in pounds of 1 ft 3 
of water at 60°F) shall not be less than the minimum capacity specified in the design conditions 
(see 6.4 through 6.13). The certified water capacity shall also be stamped on the cylinder as part 
of the nameplate data, except that the 1S and 2S cylinders are exempt from this capacity stamp- 
ing requirement. 

The cylinder tare weight shall be established before the new cylinder is placed in service. The 
purchaser is responsible for performing this function, but may by agreement, have the manufac- 
turer perform this function. 

The manufacturer shall retain fabrication and inspection records in accordance with Section VIII, 
Division 1 of the ANSI/ASME Boiler and Pressure Vessel Code. The purchaser shall retain the 
copies of the Manufacturer's Data Report, drawings, and certifications on file in accordance with 
regulatory requirements. Radiographs and other related papers shall be retained for a minimum 
of 5 years. The documents shall be transferred with the cylinder upon change of ownership. 

6.2 Cleanliness 

6.2.1 New Cylinders 

New cylinders shall meet the cleanliness requirements of 6.4 through 6.15. The cleaning proce- 
dure to be used shall be described in detail to the cylinder fabricator. A cleaning method is pro- 
vided in Appendix A. 



CAUTION 

The cleanliness of UF 6 cylinders is of serious concern to the nuclear industry, since the reaction of UF 6 with 
hydrocarbon oils and some other impurities is quite vigorous and can result in serious explosions. The pu- 
rity of the UF 6 contained can also be appreciably affected. 



6.2.2 In-Service Cylinders 

Cylinders containing residual quantities of UF 6 may require cleaning prior to refilling to ensure 
product purity and also when maintenance or hydrostatic testing is performed. An example of a 
decontamination method for large cylinders, which contained enriched UF 6 <5 wt%235U, is pro- 
vided in Appendix B. A similar procedure with modifications can be used for smaller cylinders. 

6.2.3 Cylinder Outer Surfaces 

Cylinder surfaces shall be monitored and cleaned when required to meet applicable contamina- 
tion limits (see 49 CFR 173.443). 

6.3 Services Inspections, Tests, and Maintenance 

6.3.1 Routine Operational Inspections 

All UF 6 cylinders shall be routinely examined as received and prior to sampling, withdrawal, filling, or 
shipping to ensure that they remain in a safe, usable condition. Leakage, cracks, excessive distor- 
tion, bent or broken valves or plugs, broken or torn stiffening rings or skirts, or other conditions that 
may affect the safe use of the cylinder shall warrant appropriate precautions, including removing the 
cylinder from service until the defective condition is satisfactorily corrected. Questionable conditions 
should be referred to a qualified inspector for evaluation and for recommendations concerning use, 
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repair, or condemnation of the cylinder in question. Some examples of acceptable and unacceptable 
damage are shown in Appendix F. 

6.3.2 Periodic Inspections and Tests 

Ail cylinders shall be periodically inspected and tested throughout their service life at intervals not 
to exceed 5 years, except that cylinders already filled prior to the 5-year expiration date need not 
be tested until the cylinder has been emptied. However, cylinders that have not been inspected 
and tested within the required 5-year period shall not be refilled until they are properly rein- 
spected, retested, and restamped. Prior to shipment, cylinders that have not been recertified 
within the 5-year requirement shall be visually inspected for degradation of the cylinder wall. Any 
questionable conditions should be investigated further, including ultrasonic wall thickness meas- 
urements, if appropriate. The periodic inspection shall consist of an internal and external exami- 
nation of the cylinder by a qualified inspector along with a hydrostatic strength test of the type set 
forth in Section VIII, Division 1 , of the ANSI/ASME Code, and an air leak test. The hydrostatic 
test shall be applied at a pressure equal to the original test pressure. Prior to the air test, all cou- 
plings from which valves or plugs were removed shall be thoroughly inspected. The air test shall 
be applied after valves and plugs have been installed in the cylinder. All valves shall meet the 
current design requirements, including tinning. All plugs shall meet the original or current design 
requirements including tinning. After testing, the cylinder may have the outer shell cleaned and 
repainted. At each 5-year recertification the cylinder should have the tare weight reestablished. 
Cylinders that pass the periodic inspection and tests shall be restamped with the month and year 
in which the hydrostatic test was performed. This stamping shall be placed in close proximity to 
the previous or original stamping and shall expire on the last day of the stamped month. Records 
of periodic inspections and tests shall be retained by the cylinder owner for a period of 5 years or 
until a subsequent period inspection and test have been performed and recorded. 

A UF 6 cylinder shall be removed from service (for repair or replacement) when it is found to con- 
tain leaks, corrosion, cracks, bulges, dents, gouges, defective valves, damaged stiffening rings or 
skirts, or other conditions that, in the opinion of the qualified inspector, render it unsafe or unserv- 
iceable in its existing condition. 

Cylinders shall no longer be used in UF 6 service when their shell thicknesses have decreased be- 
low the following values as interpreted by the National Board Inspection Code, ANSI-NB-23 criteria: 



Min. Thickness 




Cylinder Model 


(Inches) 


1S 


1/16 


2S 


1/16 


5A 


1/8 


5B 


1/8 


8A 


1/8 


12AandB 


3/16 


30B 


5/16 


48A,F,X,and Y 


1 /2 


48TAOM, 


Va 


OM allied, 




HX,H, and G 





NOTE - Cylinders 48A and 48F are identical to 48X and 48Y, respectively, except that the volumes are 
not certified. 

6.3.3 Cylinder Maintenance 

Cylinder repairs and alterations are authorized provided: (1) they meet the approval of the inspec- 
tor; (2) they comply with the design, material, fabrication, and welding qualification requirements 
of the ANSI/ASME Code, Section VIII, Division 1, and Section IX, Welding and Brazing Qualifica- 
tions, for unfired pressure vessels; and (3) they do not deviated from the intent of this standard. 
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Welded repairs or alterations to ASME code stamped pressure vessel parts shall be required to 
be conducted by organizations holding a current "FT Stamp from the National Board Inspection 
Code, ANSI-NB-23, unless specifically approved by the NBIC Jurisdictional Authority. 

Such repairs shall also be inspected and accepted by a qualified inspector in accordance with the 
fabrication inspection requirements in Section VIII, Division 1, of the ANSI/ASME Code. 

Repairs or alterations to pressure parts shall be followed by a hydrostatic strength test. Plug or 
valve replacements should be followed by air leak tests. Repairs to structural attachments will 
not require pressure or leak tests of the cylinder unless repair of torn or deformed areas of pres- 
sure-containing materials is involved. 

6.3.4 Reuse of Cylinder Valves 

Valves that are removed from cylinders may be reused only after refurbishment to ensure the 
used valve meets the testing requirements of 6.14 or 6.15, as appropriate. New valves or newly 
refurbished valves may have the inspection and refurbishment limited to the inlet threads if the 
valve is removed from the cylinder because of leakage around the inlet threads. This applies only 
to valves during the initial installation test. Valves that will not pass in service, shipment, or stor- 
age tests must be used only after complete refurbishment. The packing shall be replaced and all 
parts inspected for damage. The refurbishment shall be performed in accordance with a docu- 
mented quality control plan. 

6.3.5 Retorque of Used Cylinder Valve Packing Nut 

The packing nut of cylinder valves procured in accordance with 6.14 or 6.15 may be retorqued to 
stop leakage. The torque applied to the packing nut should be a minimum amount required to 
stop the leak but shall not exceed 1 00 ft-lb. Valves that require more than 1 00 ft-lb retorque to 
stop leakage shall not be heated. These cylinders shall require a valve change or replacement of 
the packing and/or packing nut prior to use in feed, withdrawal, or shipment. The replaced pack- 
ing shall be new packing as described in 6.14 or 6.15, as appropriate, and shall be retorqued in 
accordance with 6.14 or 6.15, as appropriate. An adjustable or indicating torque wrench shall be 
required for retorquing. 

6.4 1 S Cylinder (see Figure 1 ) 

6.4.1 Design and Fabrication 

The cylinder shall be nickel or monel construction with a minimum wall thickness of 1/16 inch in 
accordance with Section VIII of the ASME/ASME Boiler and Pressure Vessel Code. One end 
shall contain a Vi-inch NPT female connection threaded in accordance with ANSI/ASME B1.20.1. 
The design pressure shall be 25 psig external and 200 psig internal. The design temperature 
shall be from -40°F to 250°F. The minimum volume shall be 9.16 in 3 . 

6.4.2 Materials 

The materials used in the fabrication of new cylinders shall meet the following requirements: 

1) Cylinder, Nickel, ASTM B162 or Monel, ASTM B127, UNS N04400. 

2) Adaptors 

a) Brass ASTM B16 or nickel ASTM B 160, with tube socket weld male connector to ac- 
commodate 3/8-inch O.D. tubing on one end and with male 1 /4-inch NPT threads on the other 
end. Cajon Part No. B-6TSW-1-4 or approved equal. 

b) Cajon connector, nickel-copper alloy, ASTM B164, male flare, 1 /2-inch to 3/8-inch O.D.T 
socket, or an approved equivalent. 

3) Valve. Nickel copper alloy Monel 400, diaphragm sealed, Hoke Part No. 4618N4M straight 
welded, Hoke Part No. 46-13-N4M straight, or an approved equivalent. 

4) Brazing Alloys. ANSI/AWS A5.8, AWS classification BAg-7 or BAg-8. 
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6.4.3 Marking 

The following data shall be lightly stamped on the valve end of the cylinder using 1/8-inch charac- 
ters. Care shall be taken to prevent cylinder deformation. 

1) Model 1S 

2) MAWP 200 psig at 250°F. 

3) MDMT-40°at200psig 

4) Manufacturer's identification 

5) Owner's identification symbol and serial number (not to exceed four digits) 

6) 1 lbUF 6 max 

7) Date of manufacture 

6.4.4 Cleaning 

The inside of the cylinder shall be thoroughly cleaned of all grease, scale, slag, oxides, dirt, mois- 
ture, and other foreign matter. Surfaces shall be left dry , clean, bright, and free of contamination. 
When cylinders are purchased without valves, the openings shall be sealed to prevent 
contamination of the interior during shipment. 

6.4.5 Valve Installation and Leak Test 

The cylinder shall be hydrostatically pressured to 400 psig, and the pressure should then be low- 
ered to 300 psig while the cylinder is inspected for leaks. No leaks shall be permitted. Defects, if 
any, shall be repaired as permitted by the ANSI/ASME Code Section VIII, Division 1 . 

Care shall be taken to keep the valve body cool when the adaptors are silver brazed onto the inlet 
and outlet connections. The valve and connections shall be clean, dry, and free of contamination 
before the valve is threaded into the cylinder. Thread lubricants may be used, provided they are 
compatible with UF 6 . 

Following the valve installation, the cylinder shall be pressured with air at 100 psig and all con- 
nections, including the valve seat and packing shall be leak tested using Carbona Soapless lather 
or approved equivalent. No leakage shall be permitted. When the cylinder is purchased without 
valves, these requirements shall be the responsibility of the purchaser. 

6.4.6 Certification 

The manufacturer shall certify in writing to the purchaser that the cylinders comply with ail fabrica- 
tion, test, and cleanliness requirements specified in this standard and Section VIII of the 
ANSI/ASME Code. The manufacturer shall also provide for the purchaser's retention a certified 
mill test report of the materials used in fabricating the cylinders. 

The manufacturer shall measure the water volume (at 60°F) of each cylinder, and shall provide 
written certification of the measured volume, identified by cylinder serial number, to the pur- 
chaser. The actual water weight shall be accurate to ± 0.1%. 

6.5 2S Cylinder (see Figure 2) 

6.5.1 Design, Fabrication, Testing, and Inspection 

The design pressure shall be 25 psig external and 200 psig internal. The design temperature 
shall be from -40° to 250°F. The minimum volume shall be 44 in 3. Construction shall meet re- 
quirements of the Section VIII of the ANSI/ASME Boiler and Pressure Vessel Code. 

6.5.2 Materials 

The materials used in the fabrication of new cylinders shall meet the following requirements: 
1) Cylinder, Nickel, ASTM B-162 or Monel, ASTM B-127, UNS N04400. 
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2) Adaptors 

a) Brass ASTM B16 or nickel ASTM B160 with tube socket weld male connector to ac- 
commodate 3/8-inch O.D. tubing on one end and male 3/8-inch NPT threads on the other 
end, Cajon Part No. B-6TSW-1-6, or an approved equal. 

b) Connector, brass ASTM B 16, Vs-inch by 1 /4-inch half flare, Eastman Part No. 
48F08X04, or an approved equal. 

3) Valve. Nickel-copper alloy Monel 400, diaphragm sealed, Hoke Part No. 4628N4M angle, 
4618N4M straight, 46-23-N4M angle, 46-13-N4M straight, or an approved equal. 

4) Brazing Alloys. ANSI/AWS A.5.8, AWS classification BAg-7 or BAg-8. 

6.5.3 Cylinder Marking 

The following information shall be stamped on the cylinder using 1/8-inch characters: 

1) Model 2S 

2) MAWP 200 psig at 250°F 

3) MDMT-40°Fat200psig 

4) Manufacturer's identification 

5) Owner's identification symbol and serial number (not to exceed four digits) 

6) 4.9 lb or 2222 g UF 6 max 

7) Date of manufacture 

6.5.4 Cleaning 

The inside of the cylinder shall be thoroughly cleaned of ail grease, scale, slag, oxides, dirt, mois- 
ture, and other foreign matter. Surfaces shall be left dry, clean, bright, and free of all contamina- 
tion. When cylinders are purchased without valves, the openings shall be sealed to prevent con- 
tamination of the interior during shipment. 

6.5.5 Valve Installation and Leak Test 

The cylinder shall be hydrostatically pressured to 400 psig, and the pressure should then be low- 
ered to 300 psig while the cylinder is inspected for leaks. No leaks shall be permitted. Defects, if 
any, shall be repaired as permitted by the ANSI/ASME Code. Care shall be taken to keep the 
valve body cool when the adaptors are silver brazed onto the inlet and outlet connections. The 
valve and connections shall be clean, dry, and free of contamination before the valve is threaded 
into the cylinder. Thread lubricants may be used providing they are compatible with UF 6 . 

Following the valve installation, the cylinder shall be pressured with air at 100 psig, and all con- 
nectors, including the valve seat and packing, shall be leak tested using Carbona soapless lather 
or an approved equivalent. No leakage shall be permitted. When the cylinder is purchased with- 
out valves, these requirements shall be the responsibility of the purchaser. 

6.5.6 Reporting and Certification 

The manufacturer shall certify in writing to the purchaser that the cylinders comply with all the 
requirements of this Standard and Section VIII of the ANSI/ASME Boiler and Pressure Vessel 
Code. The manufacturer shall measure the water volume (at 60°F) of each cylinder and shall 
provide written certification of the measured volume, identified by cylinder serial number, to the 
purchaser. The actual water weight shall be accurate to ±0.1%. 
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6.6 5B Cylinder (See figure 3) 

6.6.1 Design Conditions 

1) Design Pressure. 25 psig external and 200 psig internal. 

2) Design Temperature. -40°F to 250°F. 

3) Minimum Transport Temperature. -40°F. 

4) Minimum Volume. 0.284 ft 3 . 

6.6.2 Fabrication 

Cylinders shall be fabricated in accordance with Section VIII, Division 1, of the ANSI/ASME Code 
and shall be ASME Code stamped. Cylinders shall be National Board registered. All welders 
and welding procedures (brazing included) shall be qualified in accordance with Section IX of the 
ANSI/ASME Code. All welds shall be full penetration unless otherwise specified. 

6.6.3 Radiography 

A minimum of one spot X-ray examination for each cylinder shall be required in accordance with 
Section UW-52 of the ANSI/ASME Code. Locations of spots shall be at the circumferential head- 
to-shell weldment, alternating ends for successive cylinders. The weld defects indicated by the 
radiographs shall not exceed the defects permitted by Section UW-52 of the ANSI/ASME Code, 
except for porosity defects, which shall be required to meet Section UW-51 of the ANSI/ASME 
Code. 

6.6.4 Testing 

1) The cylinder shall be hydrostatically pressured to 400 psig, and the pressure should then 
be lowered to 300 psig while the cylinder is inspected for leaks. No leaks shall be permitted. 
Defects, if any, shall be repaired as permitted in the ANSI/ASME code and a retest shall follow. 

2) Following the cleaning operation and valve installation, an air test at 1 00 psig shall be car- 
ried out, and all connections and fittings (including the valve seat and packaging) shall be 
tested using Carbona soapless lather or an approved equivalent. No leakage shall be permit- 
ted. When the cylinder is purchased without valves, this test shall be carried out by the pur- 
chaser. 

6.6.5 Materials 

The materials used in the fabrication of new cylinders shall meet the following requirements: 

1) Shell. Nickel pipe, schedule 40, ASTM B1 61. 

2) Heads. Nickel weld cap, semi-ellipsoidal with 2:1 axis ratio, schedule 40, ASTM B366, 
grade WPN. 

3) Foot ring. Nickel-copper alloy pipe, Schedule 40, ASTM B1 65. 

4) Neck Ring. Nickel-copper alloy pipe, Schedule 80, ASTM B165. 

5) Valve Protector Cap. Carbon steel pipe, Schedule 80, ASTM A53, Grade B; carbon steel 
plate, ASTM A 285, Grade C; ASTM A575, Grade 1008-1020 (handles). 

6) Dip Pipe. Nickel-copper alloy. ASTM B1 65, 5/8-inch O.D. x 0.065-inch wall. 

7) Valves. See Figure 11 and 6.14 

8) Couplings. Nickel, %-inch, 3000 pound, ASTM B 161, in accordance with ANSI B16.1 1- 
1980, except threaded with %-inch 14 NGT threads. 

9) Dip Pipe Tab. Nickel-copper alloy, 1 / 4 -inch thick, ASTM B 127. 

10) Handles and Support Ring. Nickel-copper alloy rod, ASTM B 164, Class A, and nickel- 
copper alloy pipe, Schedule 80, ASTM B 165. 
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11) Nameplate (See Figure 13(a)). Nickel-copper alloy, 20 gage, ASTM B 127. 

12) Filler Metal 

a) Brazing ANSI/A WS A5.8(BAg-7) 

b) Welding ANSI/AWS A5.14 (ERNi-1, ERNiCu-7) 

6.6.6 Valve Installation 

In general, the valve shall be disassembled and cleaned before brazing and installation. The dip 
pipe shall be silver brazed to the applicable valve. Valve bodies shall be installed in the coupling 
with a thread engagement of 7 minimum and 12 maximum. The valve bodies shall be silver 
brazed to couplings before reassembly of the valve. 

6.6.7 Cylinder Marking 

Cylinder nameplates shall contain the information as described in Figure 13(a). The following 
data shall be stamped on the nameplate in characters a minimum of 5/32- inch high: 



1 
2 
3 
A 
5 
6 
7 
8 
9 
6.6 



ASME Code and National Board Stamping 

MAWP 200 psig at 250°F. 

MDMT -40°F at 200 psig 

Model 5B 

Owner's name or identification symbol and serial number 5N (plus four digits) 

Tare wt. lb. 

Water cap. lb. 

Max. net wt. Pure UF 6 54.9 lb. or 24,947 g 
Date of manufacture 
8 Cleaning 



After welding and hydrostatic testing are completed, the inside of the cylinder shall be thoroughly 
cleaned of all grease, scale, slag, oxides, dirt, moisture, and other foreign matter. Surfaces shall 
be left clean, bright, and free of all contamination. When cylinders are purchased without valves, 
the openings shall be sealed to prevent contamination of the interior during shipment. 

6.6.9 Certification 

The manufacturer shall certify in writing to the purchaser that the cylinders comply with all fabrica- 
tion, test, and cleanliness requirements specified in this standard, and shall also provide for the 
purchaser's retention a certified mill test report of the materials used in fabricating cylinders. 

The manufacturer shall measure the water volume (at 60°F) of each cylinder and shall provide 
written certification of the measured volume, identified by cylinder serial number, to the pur- 
chaser. The actual water weight shall be accurate to ±0.1%. 

6.7 8A Cylinder (See Figure 4) 

6.7.1 Design Conditions 

1) Design Pressure. 25 psig external and 200 psig internal. 

2) Design Temperature. -40°F to 250°F. 

3) Minimum Transport Temperature. -40°F. 

4) Minimum Volume. 1.32ft 3 . 
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6.7.2 Fabrication 

Cylinders shall be fabricated in accordance with Section VIM, Division 1 of the ANSI/ASME Code 
and shall be ASME Code stamped. Cylinders shall be National Board registered. All welders 
and welding procedures (brazing included) shall be qualified in accordance with Section IX of the 
ANSI/ASME Code. All welds shall be full penetration unless otherwise specified. 

6.7.3 Radiography 

A minimum of one spot X-ray examination for each cylinder shall be required in accordance with 
Section UW-52 of the ANSI/ASME Code. Locations of spots shall be at the junctions of the longi- 
tudinal seam and the circumferential head weld, alternating ends for successive cylinders. The 
weld defects indicated by the radiographs shall not exceed the defects permitted by Section UW- 
52 of the ANSI/ASME Code, except for porosity defects, which shall be required to meet Section 
UW-51 of the ANSI/ASME Code. 

6.7.4 Testing 

1) The cylinder shall be hydrostatically pressured to 400 psig, and the pressure should then 
be lowered to 300 psig while the cylinder is inspected for leaks. No leaks shall be permitted. 
Defects, if any, shall be repaired as permitted in the ANSI/ASME Code, and a retest shall fol- 
low; 

2) Following the cleaning operation and valve installation, an air test at 1 00 psig shall be car- 
ried out, and all connections and fittings (including the valve seat and packing) shall be leak 
tested using Carbona soapless lather or an approved equivalent. No leakage shall be permit- 
ted. When the cylinder is purchased without valves, this test shall be carried out by the pur- 
chaser. 

6.7.5 Materials 

The materials used in the fabrication of new cylinders shall meet the following requirements: 

1) Shell. Nickel-copper alloy plate, ASTM B1 27. 

2) Heads. Nickel-copper alloy ASTM B 127, ellipsoidal, 2:1 ratio with 2-inch straight flange. 

3) Foot Ring and Head Ring. Nickel-copper alloy plate, ASTM B 1 27. 

4) Neck Ring. Nickel-copper alloy pipe, Schedule 80, ASTM B 165. 

5) Valve Protector Cap. Steel pipe, ASTM A53, Grade B, Schedule 80; carbon steel plate, 
ASTM A285, Grade C. 

6) Dip Pipe. Monel, ASTM B1 65, 5/8-inch O.D. x 0.065-inch wall. 

7) Valves. See Figure 1 1 and 6.14. 

8) Couplings. Nickel, %-inch, 3000-pound, ASTM B1 61 , in accordance with ANSI B 16.11- 
1980, except threaded with %-inch~14 NGT threads. 

9) Dip Pipe Tab. Nickel-copper alloy, 1 / 4 -inch thick, ASTM B127. 

10) Filler Metal 

a) Brazing ANSI/AWS A5.8 (BAg-7). 

b) Welding ANSI/AWS A5.14 (ERNi-1, ERNiCu-7) 

1 1 ) Nameplate (See Figure 1 3 (a)). Nickel-copper alloy, 20 gage, ASTM B1 27. 

6.7.6 Valve Installation 

In general, the valves shall be disassembled and cleaned before brazing and installation. The dip 
pipe shall be silver brazed to the applicable valve. Valve bodies shall be installed in the couplings 
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with a thread engagement of 7 minimum and 12 maximum. The valve bodies shall be silver 
brazed to couplings before reassembly of the valves. 

6.7.7 Cylinder Marking 

Cylinder nameplates shall contain the information as described in Figure 13(a). The following 
data shall be stamped on the nameplate in characters a minimum of 5/32-inch high: 

1 ) ASME Code and National Board Stamping 

2) MAWP 200 psig at 250°F. 

3) MDMT -40°F at 200 psig. 

4) Model 8A 

5) Owner's name or identification symbol and serial number (not to exceed four digits) 

6) Tare wt. lb. 

7) Water Cap. lb. 

8) Max. net wt. Pure UF 6 255lb. 

6.7.8 Cleaning 

After welding and hydrostatic testing are completed, the inside of the cylinder shall be thoroughly 
cleaned of all grease, scale, slag, oxides, dirt moisture, and other foreign matter. Surfaces shall 
be left clean, bright, and free of all contamination. When the cylinders are purchased without 
valves, the openings shall be sealed to prevent contamination of the interior during shipment. 

6.7.9 Certification 

The manufacturer shall certify in writing to the purchaser that the cylinders comply with ail fabrica- 
tion, test, and cleanliness requirements specified in this standard, and shall also provide for the 
purchaser's retention a certified mill test report of the materials used in fabricating the cylinders. 

The manufacturer shall measure the water volume (at 60°F) of each cylinder and shall provide 
written certification of the measure volume, identified by cylinder serial number, to the purchaser. 
The actual water weight shall be accurate to ± 0.1%. 

6.8 12A Cylinder 

Reference deleted. Use 12B Cylinder described in 6.9. 

6.9 12 B Cylinder. (See figure 6) 

6.9.1 Design Conditions 

1) Design Pressure. 25 psig external and 200 psig internal. 

2) Design Temperature. -40°F to 250°F. 

3) Minimum Transport Temperature. -40° F. 

4) Minimum Volume. 2.38 ft 3 . 

6.9.2 Fabrication 

Cylinders shall be fabricated in accordance with Section VIII, Division 1, of the ANSI/ASME Code, 
and shall be ASME Code stamped. The cylinder shall be National Board registered. All welders 
and welding procedures (brazing included) shall be qualified in accordance with Section IX of the 
ANSI/ASME Code. All welds shall be full penetration unless otherwise specified. 

6.9.3 Radiography 

A minimum of one spot X-ray examination for each cylinder shall be required in accordance with 
Section UW-52 of the ANSI/ASME Code. Locations of spots shall be at the junctions of the longi- 
tudinal seam and the circumferential head weld, alternating ends for successive cylinders. The 
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weld defects indicated by the radiographs shall not exceed the defects permitted by Section UW- 
52 of the ANSI/ASME Code, except for porosity defects, which shall be required to meet Section 
UW-51 of the ANSI/ASME Code. 

6.9.4 Testing 

1) The cylinder shall be hydrostatically pressured to 400 psig, and the pressure should then 
be lowered to 300 psig while the cylinder is inspected for leaks. No leaks shall be permitted. 
Defects, if any, shall be repaired as permitted in the ANSI/ASME Code, and retest shall follow; 

2) Following the cleaning operation and valve installation, an air test at 1 00 psig shall be car- 
ried out, and all connections and fittings (including the valve seat and packing) shall be leak 
tested using Carbona soapless lather or an approved equivalent. No leakage shall be permit- 
ted. When the cylinder is purchased without valves, this test shall be carried out by the pur- 
chaser. 

6.9.5 Materials 

The materials used in the fabrication of new cylinders shall meet the following requirements: 

1 ) Shell. Nickel-copper alloy plate, ASTM B1 27. 

2) Heads. Nickel-copper alloy ASTM B127, ellipsoidal, 2:1 ratio with 2-inch straight flange. 

3) Foot Ring and Head Ring. Nickel-copper alloy plate, ASTM B1 27. 

4) Neck Ring. Nickel-copper alloy pipe, Schedule 80, ASTM B165. 

5) Valve Protector Cap. Steel pipe, ASTM A53, Grade B, Schedule 80, carbon steel plate, 
ASTM A285, Grade C. 

6) Dip Pipe. Nickel-copper Alloy, ASTM B165, 5/8-inch O.D. x 0.065-inch wall. 

7) Valves. See Figure 11 and 6.14 

8) Couplings. Nickel, %-inch, 3000-pound, ASTM B161, in accordance with ANSI B16.1 1- 
1980, except threaded with %-inch-14 NGT threads. 

9) Dip Pipe Tab. Nickel-copper alloy, 1 /4-inch thick, ASTM B1 27. 

10) Filler Metal 

a) Brazing ANSI/AWS A5.8 (BAg-7). 

b) Welding ANSI/AWS A5.1 4 (ERNi-1, ERNiCu-7). 

11) Nameplate (See Figure 13(a)). Nickel-copper alloy, 20 gage, ASTM B127. 

6.9.6 Valve Installation 

In general, the valves shall be disassembled and cleaned before brazing and installation. The dip 
pipe shall be silver brazed to the applicable valve. Valve bodies shall be installed in the couplings 
with a thread engagement of 7 minimum and 12 maximum. The valve bodies shall be silver 
brazed to couplings before reassembly of the valves. 

6.9.7 Cylinder Marking 

Cylinder nameplates shall contain the information as described in Figure 13(a). The following 
data shall be stamped on the nameplate in characters a minimum of 5/32 inch high: 

1) ASME Code and National Board Stamping 

2) MAWP 200 psig at 250°F. 

3) MDMT -40°F at 200 psig. 

4) Model 12B 

5) Owner's name and identification symbol and serial number (not to exceed four digits) 
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6) Tare wt. lb. 

7) Water Cap. lb. 

8) Max. net wt. Pure UF 6 460lb. 

9) Date of manufacture. 

6.9.8 Cleaning 

After welding and hydrostatic testing are completed, the inside of the cylinder shall be thoroughly 
cleaned of all grease, scale, slag, oxides, dirt moisture, and other foreign matter. Surfaces shall 
be left clean, bright, and free of all contamination. When the cylinders are purchased without 
valves, the openings shall be sealed to prevent contamination of the interior during shipment. 

6.9.9 Certification 

The manufacturer shall certify in writing to the purchaser that the cylinders comply with all fabrica- 
tion, test, and cleanliness requirements specified in this standard, and shall also provide for the 
purchaser's retention a certified mill test report of the materials used in fabricating the cylinders. 

The manufacturer shall measure the water volume (at 60°F) of each cylinder and shall provide 
written certification of the measured volume, identified by cylinder serial number, to the pur- 
chaser. The actual water weight shall be accurate to ± 0.1%. 

6.10 30B Cylinder (See Figure 7) 

6.10.1. Design Conditions 

1) Design Pressure. 25 psig external and 200 psig internal. 

2) Design Temperature. -20°F to 250°F. 

3) Minimum Transport Temp. -40°F. 

4) Minimum Volume. 26 ft3. 

6.10.2 Fabrication 

Cylinders shall be fabricated in accordance with Section VIII, Division 1, of the ANSI/ASME Code 
and shall be ASME Code stamped. Cylinders shall be National Board registered. All welders 
and welding procedures (brazing included) shall be qualified in accordance with Section IX of the 
ANSI/ASME Code. All welds shall be full penetration unless otherwise specified. 

At least one test weld representing each welding procedure to be used in the fabrication of the 
cylinder shall be impact tested. These impact tests shall be performed to the test temperature 
specified in ASTM A20 in accordance with ASTM A370 for the type and grade of steel to be used 
in fabrication of the cylinder. The results shall meet acceptance criteria listed in ASTM A20 for 
the type and grade of steel used and shall be submitted to, and approved by, the purchaser prior 
to cylinder fabrication. 

6.10.3 Radiography 

A minimum of one spot X-ray examination for each cylinder shall be required in accordance with 
Section UW-52 of the ANSI/ASME Code using a fine-grain X-ray film (Kodak Type AA, or a pur- 
chaser-approved equivalent). Unless otherwise directed by the ASME Code inspector, locations 
of the spot shall be at the juncture of the longitudinal seam and the circumferential head weld, 
alternating ends for successive cylinders. The weld imperfections indicated by the radiographs 
shall not exceed the defects permitted by Section UW-52 of the ANSI/ASME Code, except for 
rounded indications, which shall be required to meet Section UW-51 of the ANSI/ASME Code. 
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6.10.4 Testing 

1 ) The cylinder shall be hydrostatically pressured to 400 psig, and the pressure should then 
be lowered to 300 psig while the cylinder is inspected for leaks. No leaks shall be permitted. 
Defects, if any, shall be repaired as permitted in the ANSI/ASME Code, and retest shall follow; 

2) Following the cleaning operation and valve installation, an air test at 1 00 psig shall be car- 
ried out, and all connections and fittings (including the valve seat and packing) shall be leak 
tested using Carbona soapless lather or an approved equivalent. No leakage shall be permit- 
ted. When the cylinder is purchased without valves, this test shall be carried out by the pur- 
chaser. 

6.10.5 Materials 

The materials used in the fabrication of new cylinders shall meet the following requirements: 

1 ) Cylinder. Cylinder shell, heads, backup bars, and skirts shall conform to ASTM A51 6, 
Grade 55, 60, 65, or 70 steel and shall be normalized. ASTM A36 normalized steel may be 
substituted for the backing rings only. All steel shall be charpy v-notch impact tested and meet 
the charpy impact requirements as stated in ASTM A20. An alternate material for the shell 
steel is plate steel in the coil form meeting all requirements for ASTM A516 steel. Coil steel 
shall meet charpy impact acceptance criteria listed for normalized ASTM A516 plate in ASTM 
A20. 

2) Seal Loop. Steel, ASTM A36. 

3) Pipe Plug. Upset forged, extruded or extruded and drawn aluminum bronze, UNS C61300, 
conforming to ASTM B150. Plugs shall have solid hex-head, with 1-inch, 11-1/2 NPT conform- 
ing to ANSI/ASME B1 .20.1 . The actual number of effective threads on the plug shall be 
stamped on the head of the plug as shown in Figure 7. 

NOTE - The number of effective threads is the number of threads that are capable of providing reason- 
able engagement in mating threads. These are the number of threads that appear visually to be nomi- 
nally sized threads to an operator/inspector. Although the number of ineffective threads caused by the 
runout of the threading operation varies, nominally the first effective thread is approximately one thread 
length down the plug from the end of the scratch left by the runout of the thread machining operation on 
the plug head end. After visually determining the first effective thread at the lead end, the threads are 
counted down to the end of the plug. The stamping of the number of effective threads on the head of 
the plug is provided to aid users in determining the number of threads engaged. For old cylinders with- 
out this stamping or as an additional check, other methods such as dimensional measurements with ul- 
trasonic measurements that provide assurance that the plug is properly engaged are also acceptable. 

After machining, plugs shall be stress relieved for 1 hour at 800°F plus or minus 10 degrees F. 

4) Valve. See Figure 12 and 6.15. 

5) Couplings. 1 -inch, half-coupling, 6000-pound, forged steel, ASTM A1 05, ANSI B 1 6.1 1 , 
modified. Threads 1 -inch, 11-1/2 NPT. Tapped threads shall be free of all burrs, gouges, 
scratches, and the like. 

NOTE - ASTM A1 06 Grade C may be used in lieu of ASTM A1 05. 

6) Solder. ASTM B32 with a minimum tin content of 45% such as alloy SN50. 

7) Solder Flux. Phosphoric acid. 

8) Nameplate (see Figure 13(b)). Stainless steel, 13 to 20-gage, ASME SA-240, Type 304 or 
304L. 

9) Valve Protector. Weldable carbon steel with a minimum tensile strength of 45,000 lbs/in 2 
and a maximum carbon content of 0.26% such as ASTM A-36 steel. 

10) Filler Metal. ASME approved filler metal such as ANSI/AWS A5.1, A5.17, or A5.18. 
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6.10.6 Valve and Plug Installation 

In general, the valves shall be disassembled and cleaned before installation. The valve and plug 
inlet threads shall be tinned with a thin uniform coating of the specified solder. A valve thread 
engagement of 7 minimum and 12 maximum shall be obtained by using a minimum of 200 and 
maximum of 400 foot-pounds of wrench torque applied to the vaive body only. The plug thread 
engagement of 5 minimum and 8 maximum shall be obtained using a minimum of 150 and maxi- 
mum of 650-ft-lb of torque. An indicating torque wrench shall be used for valve and plug installa- 
tion. The valve and plug couplings should be installed by first screwing in a 1-inch, 11-1/2 NPT 
pipe nipple into the coupling before any welding to coupling is accomplished. After welding is 
completed, the coupling should be allowed to cool before removal of pipe nipple. A 1 -inch, 11-1/2 
NGT tap may be used only if necessary for a light chase. 

6.10.7 Cylinder Marking 

Cylinder nameplates shall contain the information as described in Figure 13(b). The following 
data shall be stamped on the nameplate in characters a minimum of 5/32 inch high: 



ASME Code and National Board Stamping 

MAWP 200 psig at 250°F. 

MDMT -20°F at 200 psig. Minimum transport temperature -40 degrees F 

Model 30B 

Owner's name or identification symbol and serial number (not to exceed four digits) 

Tare wt. lb. Or kg. 

Water Cap. lb. Or kg. 

Max. net wt. Pure UF 6 5020 lb. 
Month and year of manufacture 



6.10.8 Cleaning 

The inside of the cylinder shall be thoroughly cleaned of all grease, scale, slag, oxides, dirt, mois- 
ture, and other foreign matter. The surfaces shall be left clean, dry, and free of all contamination. 
The cylinders shall be purged with filtered dry air to a maximum dew point of -30°F. When the 
cylinders are purchased without valves, the openings shall be sealed with threaded plugs. 

6.10.9 Certification 

The manufacturer shall certify in writing to the purchaser that the cylinders comply with all fabrica- 
tion, test, and cleanliness requirements specified in this standard, and shall also provide for the 
purchaser's retention a certified mill test report of the materials used in fabricating the cylinders. 
The manufacturer shall measure the water volume (at 60°F) of each cylinder and shall provide 
written certification of the measured volume, identified by cylinder serial number, to the pur- 
chaser. The actual water weight shall be accurate to + 0.1%. 

6.1 1 48X Cylinder (see Figure 8) 

6.1 1 .1 Design Conditions 

1) Design Pressure. 25 psig external and 200 psig internal. 

2) Design Temperature. -20°F to 250°F. 

3) Minimum Transport Temperature. -40°F. 

4) Minimum Volume. 108.9 ft 3 . 
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6.11.2 Fabrication 

Cylinders shall be fabricated in accordance with Section VIII, Division 1 of the ANSI/ASME Code 
and shall be ASME Code stamped. Cylinders shall be National Board registered. All welders 
and welding procedures shall be qualified in accordance with Section IX of the ANSI/ASME Code. 
All welds shall be full penetration unless otherwise specified. At least one test weld representing 
each welding procedure to be used in the fabrication of the cylinders shall be impact tested. Test 
plates, including those for the appendages, shall have butt-type weld joints. The weld metal 
specimens shall be taken across the weld with the notch in the weld metal. Each specimen shall 
be oriented so that the notch is normal to the surface of the material, and one face of the speci- 
men shall be within 1/16-inch of the surface of the material. For A516 steel, these impact tests 
shall be performed to the test temperature specified in ASTM A20 in accordance with ASTM 
A370 for Charpy V-Notch tests. The results shall meet the acceptance criteria listed in ASTM 
A20 for the grade of A516 steel used. For A131 Grade-E steel, the Charpy V-Notch impact tests 
and acceptance criteria shall be as specified in ASTM A131. The test results shall be submitted 
to, and approved by, the purchaser prior to cylinder fabrication. 

6.11.3 Radiography 

A minimum of one spot X-ray examination for each cylinder shall be required in accordance with 
Section UW-52 of the ANSI/ASME Code using a fine-grain X-ray film (Kodak Type AA, or a pur- 
chaser-approved equivalent). Unless otherwise directed by the ANSI/ASME Code inspector, lo- 
cations of the spot shall be at the juncture of the longitudinal seam and the circumferential head 
weld, alternating ends for successive cylinders. The weld defects indicated by the radiographs 
shall not exceed those permitted by Section UW-52 of the ANSI/ASME Code, except for rounded 
indications, which shall be required to meet Section UW-51 of the ANSI/ASME Code. 

6.11.4 Testing 

1) The cylinder shall be hydrostatically pressured to 400 psig, and the pressure should then 
be lowered to 300 psig while the cylinder is inspected for leaks. No leaks shall be permitted. 
Defects, if any, shall be repaired as permitted in the ANSI/ASME Code and a retest shall follow. 

2) Following the cleaning operation and valve installation, an air test at 1 00 psig shall be car- 
ried out, and all connections and fittings (including the valve seat and packing) shall be leak 
tested using Carbona soapless lather or an approved equivalent. No leakage shall be permit- 
ted. When the cylinder is purchased without valves, this test shall be carried out by the pur- 
chaser. 

6.11.5 Materials 

The material used in the fabrication of new cylinders shall meet the following requirements: 

1) Cylinder. Cylinder shell, heads, lifting lugs, stiffening rings, backup bars, and skirts shall 
conform to ASTM A516, Grade 55, 60, 65, or 70 steel, meeting heat treatment and supplemen- 
tary requirement S5. ASTM A36 normalized steel may be substituted for the backing rings 
only. ASTM A1 31 , Grade E normalized steel may be used for the stiffening rings only. All steel 
shall be Charpy V-notch impact tested and meet the charpy impact requirements as stated in 
ASTM A20. The cylinder shell steel shall have an additional requirement on the practice used 
to make the shell steel. Shell steel shall be made by a low sulfur practice with inclusion shape 
control. The sulfur content shall not exceed 0.01%. The cylinder shell steel shall have an addi- 
tional Charpy V-notch impact test requirement in addition to the standard Charpy test require- 
ment of ASTM A516 supplementary requirement S5. The shell steel shall meet an additional 
Charpy V-notch transverse average impact strength of 55 ft/lbs minimum when tested at a tem- 
perature not to exceed 150°F. Each individual Charpy V-notch transverse impact value shall 
be not less than 47 ft/lbs. All test results shall be furnished to the purchaser. 

An alternate material for the shell steel is plate steel in the coil form meeting all the require- 
ments for ASTM A516 steel. Charpy impact tests shall be required in accordance with ASTM 
A20. Coil steel shall meet charpy impact acceptance criteria listed for normalized ASTM A516 
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plate in ASTM A20. The coil steel shall have an additional requirement on the practice used to 
make the steel. The coil steel shall be made by a low sulfur practice with inclusion shape con- 
trol. The sulfur content shall not exceed 0.010%. An additional set of Charpy impact tests are 
required on the coil steel. The Charpy tests shall be conducted in accordance with ASTM A20 
with the long axis of the Charpy V-notch specimen oriented transverse to the final direction of 
rolling. The acceptance criteria shall not be less than 55 foot-pounds when tested at a tem- 
perature not to exceed 150°F. 

2) Valve. See Figure 12 and 6.15 

3) Pipe Plug. Upset forged, extruded or extruded and drawn aluminum bronze UNS C61300, 
conforming to ASTM B150. Plugs shall have solid hex-head, with 1-inch, 11-1/2 NPT conform- 
ing to ANSI/ASME B1. 20. 1-1 983. The actual number of effective threads on the plug shall be 
stamped on the head of the plug as shown in Figure 8. 

NOTE - The number of effective threads is the number of threads that are capable of providing reason- 
able engagement in mating threads. These are the number of threads that appear visually to be nomi- 
nally sized threads to an operator/inspector. Although the number of ineffective threads caused by the 
runout of the threading operation varies, nominally the first effective thread is approximately one thread 
length down the plug from the end of the scratch left by the runout of the thread machining operation on 
the plug head end. After visually determining the first effective thread at the head end, the threads are 
counted down to the end of the plug. The stamping of the number of effective threads on the head of 
the plug is provided to aid users in determining the number of threads engaged. For old cylinders with- 
out this stamping or as an additional check, other methods such as dimensional measurements with ul- 
trasonic measurements that provide assurance that the plug is properly engaged are also acceptable. 

After machining, the plugs shall be stress relieved for 1 hour at 800°F plus or minus 1 degrees F. 

4) Couplings. Forged steel conforming to ASTM A105; 1-inch half-couplings, 6000-pound 
ANSI B1 6.1 1 Threads shall be 1 " NPT. 

Couplings shall be counterbored as detailed in Figure 8 (see also 6.1 1 .6). 

NOTE - ASTM A106 Grade C may be used in lieu of ASTM A105. 

5) Solder. ASTM B32, with a minimum tin content of 45% such as alloy SN50. 

6) Nameplate (see Figure 13 [c]). Stainless steel, 13-gage to 20 gage, ASME SA-240, Type 
304 or 304L 

7) Valve Guard. Weldable carbon steel with a minimum tensile strength of 45,000 lbs/in 2 and a 
maximum carbon content of 0.26% such as ASTM A-36 steel. The set screw shall be carbon 
steel bar, ASTM A108, Grade 1095 or 1045. 

6.1 1 .6 Valve and Plug Installation 

The valves shall be supplied to the purchaser with the threads already tinned with a thin uniform 
coating of the solder specified in 6.1 1 .5 above, or may be purchased without tinning to be tinned 
with the specified solder by the purchaser. The dimensions of the valve are shown in Figure 12. 
The threaded portion of the valve that will be installed in the cylinder coupling is cut with approxi- 
mately 13 or 14 complete threads. 

Plugs and couplings shall be furnished by the seller. Plug threads shall be tinned with a thin uni- 
form coating of the solder specified in 6.11.5. The 1-inch, 6000-pound half-coupling into which 
the valve and plug are to be installed shall be threaded as specified in 6.1 1.7. Couplings should 
be installed by first screwing in a 1-inch, 11-1/2 NPT pipe nipple into the coupling before any 
welding to the coupling is accomplished. After welding is completed, the coupling should be al- 
lowed to cool before removal of pipe nipple. A 1-inch 11-1/2 NGT tap may be used only if neces- 
sary for a light chase. 

The valve thread engagement shall be obtained using a minimum of 200 and a maximum of 400 
foot-pounds of wrench torque. The plug thread engagement shall be obtained using a minimum 
of 150 and a maximum of 650 foot-pounds of wrench torque. The torque wrench shall be applied 
to the valve body and not to the bonnet nut. An indicating torque wrench shall be used for valve 
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and plug installation. No material of any kind other than the specified solder shal! be used on the 
threads to facilitate installation. A minimum of 7 and a maximum of 1 2 valve threads shall be en- 
gaged. For the plug, a minimum of 5 and a maximum of 8 threads shall be engaged. 

6.1 1 .7 Cylinder Marking 

Cylinder nameplates shall contain the information as described in Figure 13(c). The following 
data shall be stamped on the nameplate in characters a minimum of 1/4-inch high: 

1) ASME Code and National Board Stamping 

2) MAWP200psigat250°F. 

3) MDMT-20°Fat200psig. 

4) Minimum transport temp -40°F 

5) Model 48X 

6) Owner's name or identification symbol and serial number (not to exceed four digits) 

7) Tare wt. lb. 

8) Water Cap. lb. 

9) Max. net wt. Pure UF 6 21 030lb. 

10) Month and year of manufacture. 

6.11.8 Cleaning 

The inside of the cylinders shall be thoroughly cleaned of all grease, scale, slag, oxides, dirt, 
moisture, and other foreign matter. The surfaces shall be left clean, dry, and free of all contami- 
nation. The cylinders shall be purged with filtered dry air to a maximum dew point of -30°F. 
When the cylinders are purchased without valves, the openings shall be sealed with threaded 
plugs. 

6.11.9 Certification 

The manufacturer shall certify in writing to the purchaser that the cylinders comply with all fabrica- 
tion, test, and cleanliness requirements specified in this standard, and shall also provide for the 
purchaser's retention a certified mill test report of the materials used in fabricating the cylinders. 

The manufacturer shall measure the water volume (at 60°F) of each cylinder and shall provide 
written certification of the measured volume, identified by cylinder serial number, to the pur- 
chaser. The actual water weight shall be accurate to ±0.1%. 

6.12 48Y Cylinder (See Figure 9) 

6.12.1 Design conditions 

1) Design Pressure. 25 psig external and 200 psig internal. 

2) Design Temperature. -20°F to 250°F. 

3) Minimum Transport Temp. -40°F. 

4) Minimum Volume. 142.7 ft 3 . 

6.12.2 Fabrication 

Cylinders shall be fabricated in accordance with the latest edition of Section VIII, Division 1 , of the 
ANSI/ASME Code and shall be ASME Code stamped. The cylinder shall be National Board reg- 
istered. All welders and welding procedures shall be qualified in accordance with Section IX of 
the ANSI/ASME Code. All welds shall be full penetration unless otherwise specified. 

At least one test weld representing each welding procedure to be used in the fabrication of the 
cylinder shall be impact tested. Test plates, including those for the appendages, shal! have butt- 
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type weld joints. The weld metal specimens shall be taken across the weld with the notch in the 
weld metal. Each specimen shall be oriented so that the notch is normal to the surface of the 
material, and one face of the specimen shall be within 1/16-inch of the surface of the material. 
For ASTM A516 steel, these impact tests shall be performed to the test temperature specified in 
ASTM A20 in accordance with ASTM-370 for Charpy V-notch tests. The results shall meet ac- 
ceptance criteria listed in ASTM A20 for the grade of A51 6 steel used. For A1 31 Grade-E steel, 
the Charpy V-notch impact tests and acceptance criteria shall be as specified in ASTM A131 . 
The test results shall be submitted to, and approved by, the purchaser prior to cylinder fabrica- 
tion. 

6.12.3 Radiography 

A minimum of one spot X-ray examination for each cylinder shall be required in accordance with 
Section UW-52 of the ANSI/ASME Code using a fine-grain X-ray film (Kodak Type AA, or a pur- 
chaser-approved equivalent). Unless otherwise directed by the ANSI/ASME Code inspector, lo- 
cations of the spot shall be at the juncture of the longitudinal seam and the circumferential head 
weld, alternating ends for successive cylinders. The weld defects indicated by the radiographs 
shall not exceed the defects permitted by Section UW-52 of the ANSI/ASME Code, except for 
rounded indications, which shall be required to meet Section UW-51 of the ANSI/ASME Code. 

6.12.4 Testing. 

1) The cylinder shall be hydrostaticaily pressured to 400 psig, and the pressure should then 
be lowered to 300 psig while the cylinder is inspected for leaks. No leaks shall be permitted. 
Defects, if any, shall be repaired as permitted in the ANSI/ASME Code and retest shall follow. 

2) Following the cleaning operation and valve installation, an air test at 1 00 psig shall be car- 
ried out, and all connections and fittings (including the valve seat and packing) shall be leak 
tested using Carbona soapless lather or an approved equivalent. No leakage shall be permit- 
ted. When the cylinder is purchased without valves, this test shall be carried out by the pur- 
chaser. 

6.12.5 Materials. 

1) Cylinder Cylinder shell, heads, lifting lugs, stiffening rings, backup bars, and skirts shall 
conform to ASTM A516, Grade 55,60,65, or 70 steel, meeting heat treatment and supplemen- 
tary requirement S5. ASTM A36 normalized steel may be substituted for the backing rings 
only. ASTM A131, Grade E, normalized steel may be used for the stiffening rings only. All steel 
shall be Charpy V-notch impact tested and meet the charpy impact requirements as stated in 
ASTM A20. The cylinder shell steel shall have an additional requirement on the practice used 
to make the shell steel. Shell steel shall be made by a low sulfur practice with inclusion shape 
control. The sulfur content shall not exceed 0.01%. The cylinder shell steel shall have an addi- 
tional Charpy V-notch impact test requirement of ASTM A516 supplementary requirement S5. 
The shell steel shall meet an additional Charpy V-notch transverse average impact Strength of 
55 ft/lbs minimum when tested at a temperature not to exceed 1 50°F. Each individual Charpy 
V-notch transverse impact value shall be not less than 47 ft/lbs. All test results shall be fur- 
nished to the purchaser. 

An alternate material for the shell steel is plate steel in the coil form meeting all the require- 
ments for ASTM A516 steel. Charpy impact test shall be required in accordance with ASTM 
A 20. Coil steel shall meet charpy impact acceptance criteria listed for normalized ASTM A516 
plate in ASTM A20. The coil steel shall have an additional requirement on the practice used to 
make the steel. The coil steel shall be made by a low sulfur practice with inclusion shape con- 
trol. The sulfur content shall not exceed 0.010%. An additional set of Charpy impact tests are 
required on the coil steel. The charpy tests shall be conducted in accordance with ASTM A20 
with the long axis of the charpy V-notch specimen oriented transverse to the final direction of 
rolling. The acceptance criteria shall not be less than 55 foot-pounds when tested at a tem- 
perature not to exceed 150°F. 

2) Valve. See Figure 12 and 6.15. 
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3) Pipe Plug. Upset forged, extruded, or extruded and drawn aluminum bronze UNS C61300 
conforming to ASTM B150. Plugs shall have solid hex-head, with 1-inch, 11-1/2 NPT conform- 
ing to ANSI/ASME B1 .20.1-1 983. The actual number of effective threads on the plug shall be 
stamped on the head of the plug as shown in Figure 9. 

NOTE - The number of effective threads is the number of threads that are capable of providing reason- 
able engagement in mating threads. These are the number of threads that appear visually to be nomi- 
nally sized threads to an operator/inspector. Although the number of ineffective threads caused by the 
runout of the threading operation varies, nominally, the first effective thread is approximately one thread 
length down the plug from the end of the scratch left by the runout of the thread machining operation on 
the plug head end. After visually determining the first effective thread at the head end, the threads are 
counted down to the end of the plug. The stamping of the number of effective threads on the head of 
the plug is provided to aid users in determining the number of threads engaged. For old cylinders with- 
out this stamping or as an additional check, other methods such as dimensional measurements with ul- 
trasonic measurements that provide assurance that the plug is properly engaged are also acceptable. 

After machining, the plugs shall be stress relieved for 1 hour at 800°F plus or minus 10 degrees F. 

4) Couplings. Forged steel conforming to ASTM A105; 1-inch half-coupling, 6000-lb, conform- 
ing to ANSI B 16.11-1980, modified. Threads shall be 1" NPT. Couplings shall be counterbored 
as detailed in Figure 9 (see also 6.12.6). 

NOTE - ASTM A1 06 Grade C may be used in lieu of ASTM A1 05. 

5) Solder. ASTM B32 with a minimum tin content of 45% such as alloy SN50. 

6) Nameplate (see Figure 13[c]). Stainless steel, 13-gage to 20 gage, ASME SA-240 Type 
304 or 304L. 

7) Valve Guard. Weldable carbon steel with a minimum tensile strength of 45,000 lbs. /in 2 and 
a maximum carbon content of 0.26% such as ASTM A-20. The set screw shall be carbon steel 
bar, ASTM A1 08, Grade 1 095 or 1 045. 

6.12.6 Valve and Plug Installation 

The valves shall be supplied to the purchaser with the threads already tinned with a thin uniform 
coating of the solder specified in 6.1 1 .5, or may be purchased without tinning to be tinned with the 
specified solder by the purchaser. The dimensions of the valve are shown in Figure 12. The 
threaded portion of the valve that will be installed in the cylinder coupling is cut with approxi- 
mately 13 or 14 complete threads. 

Plugs and couplings shall be furnished by the seller. Plug threads shall be tinned with a thin uni- 
form coating of the solder specified in 6.1 1 .5, before installation. The 1 -inch, 6000-pound half- 
coupling into which the valve and plug are to be installed shall be threaded as specified in 6.12.5. 
Couplings should be installed by first screwing in a 1-inch, 11-1/2 NPT pipe nipple into the cou- 
pling before any welding to coupling is accomplished. After welding is completed, the coupling 
should be allowed to cool before removal of pipe nipple. A 1-inch, 11-1/2 NGTtap may be used 
only if necessary for a light chase. 

The valve thread engagement shall be obtained using a minimum of 200 and a maximum of 400 
foot-pounds of wrench torque. The plug thread engagement shall be obtained using a minimum 
of 150 and a maximum of 650 foot-pounds of wrench torque. The torque wrench shall be applied 
to the valve body and not to the bonnet nut. An indicating torque wrench shall be used for valve 
and plug installation. No material of any kind other than the specified solder shall be used on the 
threads to facilitate installation. A minimum of 7 and a maximum of 12 valve threads shall be en- 
gaged. For the plug, a minimum of 5 and a maximum of 8 threads shall be engaged. 
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6.12.7 Cylinder Marking 

Cylinder nameplates shall contain the information as described in Figure 13(c). The following 
data shall be stamped on the namepiate in characters a minimum of 1/4-inch high: 

1) ASME Code and National Board Stamping. 

2) MAWP 200 psig at 250°F. 

3) MDMT -20°F at 200 psig. 

4) Minimum transport temperature -40°F. 

5) Model 48Y 

6) Owner's name or identification symbol and serial number (not to exceed four digits) 

7) Tare wt. lb. 

8) Water Cap. lb. 

9) Max. net wt. Pure UF 6 27560 lb. 

10) Month and Year of manufacture 

6.12.8 Cleaning 

The inside of the cylinder shall be thoroughly cleaned of all grease, scale, slag, oxides, dirt, mois- 
ture, and other foreign matter. The surfaces shall be left clean, dry, and free of all contamination. 
The cylinders shall be purged with filtered dry air to a maximum dew point of -30°F. When the 
cylinders are purchased without valves, the openings shall be sealed with threaded plugs. 

6.12.9 Certification 

The manufacturer shall certify in writing to the purchaser that the cylinders comply with all fabrica- 
tion, test, and cleanliness requirements specified in this standard, and shall also provide for the 
purchaser's retention a certified mill test report of the materials used in fabricating the cylinders. 
The manufacturer shall measure the water volume (at 60°F) of each cylinder and shall provide 
written certification of the measured volume, identified by cylinder serial number, to the pur- 
chaser. The actual water weight shall be accurate to ± 0.1%. 

6.13 48G Cylinder (See Figure 10) 

6.13.1 Design Conditions 

1) Design Pressure. 25 psig external and 100 psig internal. 

2) Design Temperature. ~20°Fto235°F 

3) Minimum Transport Temperature. -40°F 

4) Minimum Volume. 139 ft 3 

6.13.2 Fabrication 

Cylinders shall be fabricated in accordance with Section VIII, Division 1 of the ANSI/ASME Code 
and shall be ASME Code-stamped. Cylinders shall be National Board registered. All welders 
and welding procedures shall be qualified in accordance with Section IX of the ANSI/ASME Code. 
All welds shall be full penetration unless otherwise specified. At least one test weld representing 
each welding procedure to be used in the fabrication of the cylinders shall be impact tested. Test 
plates, including those for the appendages, shall have butt-type weld joints. The weld metal 
specimens shall be taken across the weld with the notch in the weld metal. Each specimen shall 
be oriented so that the notch is normal to the surface of the material, and one face of the speci- 
men shall be within 1/1 6-inch of the surface of the material. For ASTM A516 steel, these impact 
tests shall be performed to the test temperature specified in ASTM A20 in accordance with ASTM 
A370 for Charpy V-Notch tests. The results shall meet the acceptance criteria listed in ASTM 
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A20 for the grade of A516 steel used. For A131 Grade-E steel, the Charpy V-Notch impact tests 
and acceptance criteria shall be as specified in ASTM A131 . The test results shall be submitted 
to, and approved by, the purchaser prior to cylinder fabrication. 

6.13.3 Radiography 

A minimum of one spot X-ray examination per cylinder shall be required in accordance with Sec- 
tion UW-52 of the ANSI/ASME Code using a fine-grain X-ray film (Kodak Type AA, or a pur- 
chaser-approved equivalent). Unless otherwise directed by the ANSI/ASME Code inspector, lo- 
cations of the spot shall be at the juncture of the longitudinal seam and the circumferential head 
weld, alternating ends for successive cylinders. The weld defects indicated by the radiographs 
shall not exceed the defects permitted by Section UW-52 of the ANSI/ASME Code, except for 
rounded indications, which shall be required to meet Section UW-51 of the ANSI/ASME Code. 

6.13.4 Testing 

1 ) The cylinder shall be hydrostatically pressured to 200 psig, and the pressure shall be main- 
tained at 200 psig while the cylinder is inspected for leaks. Leaks are not permitted. Defects, if 
any, shall be repaired as permitted in the ANSI/ASME Code and a retest shall follow. 

2) Following the cleaning operation and valve installation, an air test at 1 00 psig shall be car- 
ried out, and all connections and fittings (including the valve seat and packing) shall be leak 
tested using Carbona soapless lather or an approved equivalent. The sensitivity of this test is 
10" 3 atmospheres •cc/sec. No leakage shall be permitted. When the cylinder is purchased 
without valves, this test shall be carried out by the purchaser. 

6.13.5 Materials 

The materials used in the fabrication of new cylinders shall meet the following requirements: 

1) Cylinder. Cylinder shell, heads, lifting, lugs, stiffening rings, backup bars, and skirts shall 
conform to ASTM A516, Grade 55, 60, 65, or 70 steel, meeting heat treatment and supplemen- 
tary requirement S5. ASTM A36 normalized steel may be substituted for the backing rings 
only. ASTM A1 31 , Grade E normalized steel may be used for the stiffening rings only. All steel 
shall be Charpy V-notch impact tested and meet the charpy impact requirements as stated in 
ASTM A20. The cylinder shell steel shall have an additional requirement on the practice used 
to make the shell steel. Shell steel shall be made by a low sulfur practice with inclusion shape 
control. The sulfur content shall not exceed 0.01%. The cylinder shell steel shall have an addi- 
tional Charpy V-notch impact test requirement in addition to the standard Charpy test require- 
ment of ASTM A516 supplementary requirement S5. The shell steel shall meet an additional 
Charpy V-notch transverse average impact strength of 55 ft/lbs minimum when tested at a tem- 
perature not to exceed 150°F. Each individual Charpy V-notch transverse impact value shall 
be not less than 47 ft/lbs. All test results shall be furnished to the purchaser. 

An alternate material for the shell steel is plate steel in the coil form meeting all the require- 
ments for ASTM A516 steel. Charpy impact tests shall be required in accordance with ASTM 
A20. Coil steel shall meet charpy impact acceptance criteria listed for normalized ASTM A516 
plate in ASTM A20. The coil steel shall have an additional requirement on the practice used to 
make the steel. The coil steel shall be made by a low sulfur practice with inclusion shape con- 
trol. The sulfur content shall not exceed 0.010%. An additional set of charpy impact tests are 
required on the coil steel. The charpy tests shall be conducted in accordance with ASTM A20 
with the long axis of the charpy V-notch specimen oriented transverse to the final direction of 
rolling. The acceptance criteria shall not be less than 55 foot-pounds when tested at a tem- 
perature less than 150°F. 

2) Valve. See Figure 12 and 6.15. 

3) Pipe Plug. Upset forged, extruded, or extruded and drawn aluminum bronze UNS C61 300 
conforming to ASTM B150. Plugs shall have solid hex-head, with 1-inch, 11-1/2 NPT conform- 
ing to ANSI/ASME B1. 20. 1-1 983. The actual number of effective threads on the plug shall be 
stamped on the head of the plug as shown in Figure 10. 
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NOTE - The number of effective threads is the number of threads that are capable of providing reason- 
able engagement in mating threads. These are the number of threads that appear visually to be nomi- 
nally sized threads to an operator/inspector. Although the number of ineffective threads caused by the 
runout of the threading operation varies, nominally the first effective thread is approximately one thread 
length down the plug from the end of the scratch left by the runout of the thread machining operation on 
the plug head end. After visually determining the first effective thread at the head end, the threads are 
counted down to the end of the plug. The stamping of the number of effective threads on the head of 
the plug is provided to aid users in determining the number of threads engaged. For old cylinders with- 
out this stamping or as an additional check, other methods such as dimensional measurements with ul- 
trasonic measurements that provide assurance that the plug is properly engaged are also acceptable. 

After machining, the plugs shall be stress relieved for 1 hour at 800°F plus or minus 10 degrees F. 

4) Couplings. Forged steel conforming to ASTM A105; 1-inch half-coupling, 6000-pound, con- 
forming to ANSI B16. 11-1980. Threads shall be 1" NPT. Couplings shall be counterbored as 
detailed in Figure 10. (See also 6.13.6) 

NOTE - ASTM A1 06 Grade C may be used in lieu of ASTM A1 05. 

5) Solder. ASTM B32 with a minimum tin content of 45% such as alloy SN50. 

6) Nameplate (see Figure 13[d]). Stainless steel, 13-gage to 20 gage, ASME SA-240, Type 
304 or 304L. 

7) Valve Guard Weldable carbon steel with a minimum tensile strength of 45,000 Ibs./in 2 and 
a maximum carbon content of 0.26% such as ASTM A-36. The set screw shall be carbon steel 
bar, ASTM A1 08, Grade 1 095 or 1 045. 

6.13.6 Valve and Plug Installation 

The valves shall be supplied to the purchaser with the threads already tinned with a thin uniform 
coating of the solder specified in 6.1 1 .5, or may be purchased without tinning to be tinned with the 
specified solder by the purchaser. The 1-inch, 6000-pound half-coupling into which the valve and 
plug are to be installed shall be threaded as specified in 6.12.5. Couplings should be installed by 
first screwing in a 1-inch, 11-1/2 NPT pipe nipple into the coupling before any welding to coupling 
is accomplished. After welding is completed coupling should be allowed to cool before removal of 
pipe nipple. A 1-inch, 11-1/2 NGT tap may be used only if necessary for a light chase. 

Plugs and couplings shall be furnished by the seller. Plug threads shall be tinned with a thin uni- 
form coating of the solder specified in 6.1 1 .5 before installation. The 1-inch, 6000-pound half- 
coupling into which the valve and plug are to be installed shall be threaded as specified in 6.12.5. 
Couplings should be installed by first screwing in a 1-inch, 11-1/2 NPT pipe nipple into the cou- 
pling before any welding to coupling is accomplished. After welding is completed the coupling 
should be allowed to cool before removal of pipe nipple. A 1-inch, 11-1/2 NGT tap may be used 
only if necessary for a light chase. 

The valve thread engagement shall be obtained using a minimum of 200 and a maximum of 400 
foot-pounds of wrench torque. The plug thread engagement shall be obtained using a minimum 
of 150 and a maximum of 650 foot-pounds of wrench torque. This torque range gives assurance 
that the valve will not be inadvertently screwed out during cylinder use and that damage will not 
occur during installation. The torque wrench shall be applied to the valve body and not to the 
bonnet nut. An indicating torque wrench shall be used for valve and plug installation. No material 
of any kind other than the specified solder shall be used on the threads to facilitate installation. A 
minimum of 7 and a maximum of 12 valve threads shall be engaged. For the plug, a minimum of 
5 and a maximum of 8 threads shall be engaged. 

6.13.7 Cylinder Marking 

Cylinder nameplates shall contain the information as described in Figure 13(d). The following 
data shall be stamped on the nameplate in characters a minimum of 1/4-inch high: 

1) ASME Code and National Board Stamping. 

2) MAWP100psigat235°F. 
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3) MDMT-20°Fat100psig. 

4) Minimum transport temperature. -40°F. 

5) Model 48G 

6) Owner's name or identification symbol and serial number. 

7) Tare wt. lb. 

8) Water Cap. lb. 

9) Max. net wt. Pure UF 6 26840 lb. 

10) Month and year of manufacture. 

6.13.8 Cleaning 

The inside of the cylinder shall be thoroughly cleaned of all grease, scale, slag, oxides, dirt, mois- 
ture, and other foreign matter. The surfaces shall be left clean, dry, and free of all contamination. 
The cylinders shall be purged with filtered dry air to a maximum dew point of -30°F. When the 
cylinders are purchased without valves, the openings shall be sealed with threaded plugs. 

6.13.9 Certification 

The manufacturer shall certify in writing to the purchaser that the cylinders comply with all fabrica- 
tion, test, and cleanliness requirements specified in this standard, and shall also provide for the 
purchaser's retention a certified mill test report of the materials used in fabricating the cylinder. 

The manufacturer shall measure the water volume (at 60°F) of each cylinder and shall provide 
written certification of the measured volume, identified by cylinder serial number, to the pur- 
chaser. The actual water weight shall be accurate to ± 0.1%. 

6.14 Cylinder valve 50 (3/4 Inch) See Figure 1 1 . 

6.14.1 Design Conditions 

1) Design Pressure. 25 pstg external and 200 psig internal. 

2) Design Temperature. -40°F to 250°F. 

3) Medium. UF 6 . 

6.14.2 Material Specifications 

1) Body, Part 1. Forging, aluminum bronze CDA alloy 636. 

2) Packing Nut, Part 3; Port Cap, Part 4. Acceptable materials are (1) bar aluminum bronze, 
CDA alloy 636, stress relieved at 700°F plus or minus 10 degrees F for 1 hour, surface hard- 
ness of the bar stock after stress relieving shall not exceed Rockwell B85 nor be less than B70, 
mechanical properties after stress relieving shall be: ultimate tensile 45,000 psi minimum yield 
strength (0.5% extension) 25,000 psi minimum, elongation in 2 inches 30% minimum; (2) nickel 
copper alloy, ASTM B164, NO4400, stress relieved at 1 100°F plus or minus 10 degrees F for 1 
hour to meet ASTM B164 mechanical properties for hot-worked, stress relieved material; or (3) 
bar aluminum bronze, ASTM B150, C61300, stress relieved at 800°F plus or minus 10 degrees 
F for 1 hour and meeting the ASTM B150 mechanical property requirements for C61300 stress 
relieved material. 

3) Packing Follower, Part 5; Packing Ring, Part 7. Acceptable materials are (1) bar aluminum 
bronze, CDA alloy 636, stress relieved at 700°F plus or minus 10 degrees F for 1 hour, surface 
hardness of the bar stock after stress relieving shall not exceed Rockwell B85 nor be less than 
B70, mechanical properties after stress relieving shall be: ultimate strength 45,000 psi mini- 
mum, yield strength (0.5% extension) 25,000 psi minimum, elongation in 2 inches 30% mini- 
mum, or (2) bar aluminum bronze, ASTM B150, C61300, stress relieved at 800°F plus or mi- 
nus 10 degrees F for 1 hour and meeting the ASTM B150 mechanical property requirements 
for C61300 stress relieved material. 
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4) Stem. Part 2. Bar, monel, ASTM B164, Class A or B, cold drawn and stress relieved to 
1025°F plus or minus 10 degrees F for 1-1/2 hours. 

5) Packing, Part 6; Cap Gasket, Part 8. Teflon, 100% Virgin TFE (unfilled). 

6) Fiuorinated Lubricant Occidental-Hooker HO-1 25 or the equivalent. 

7) CDA alloy 636 has the following chemical composition limits by weight percent: 



Element 


Percentage 


Copper and the sum of 
other named elements 


99.5 min 


Lead 


0.03 max 


Tin 


0.20 max 


Iron 


0.10 max 


Silicon 


0.7-1.3 


Aluminum 


3.0-4.0 


Nickel 


0.15 max 


Zinc 


0.35 max 


Arsenic 


0.15 max 



The valve body shall be forged and shall contain no laps, seams, porosity, or other objectionable 
forging defects. The seller's name and a forging identification symbol, traceable to the heat num- 
bers) from which the forgings were produced, shall be forged or stamped into the body. For- 
gings shall be cleaned to a bright smooth finish and shall have the die-flash removed. Surface 
defects shall not be masked by blasting or by any other mechanical means. 

6.14.3 Material certification Requirements 

The seller shall require the manufacturer(s) of aluminum bronze materials to furnish mill certifica- 
tion, including the results of tests to determine the chemical composition, tensile strength, yield 
strength, and hardness of the materials. The tests shall be conducted in accordance with the 
applicable test methods referenced in ASTM B249. 

Mill test reports shall be obtained for each separate lot of material produced by a different mill 
manufacturing process or of a different size, such as forging stock, as-extruded bar, and rolled 
and tempered (stress-relieved) bar. The mill test reports shall include heat numbers from which 
the manufactured products were produced. In addition, each pour shall be analyzed for its 
chemical composition and the results reported to the purchaser. 

The seller shall obtain a manufacturer's certification that the Monel material supplied has been 
manufactured and tested in accordance with ASTM B164. The seller shall submit certification in 
writing that all materials requiring mill certification in 6.14.2 conform to the specification require- 
ments. 

6.14.4 Manufacturing Requirements 

All parts shall conform to the dimensional requirements of Figure 1 1 . In addition to the specific 
requirements of the drawing, acceptable practices such as deburring, breaking corners, and the 
like shall be used in the machining and finishing of parts. Close control over the manufacture of 
threaded elements shall be maintained to meet the Figure 1 1 requirement. Threads shall con- 
form to applicable American National Standards for manufacturing and gaging, modified as nec- 
essary to conform to Figure 1 1 . The applicable standards are ANSI/CGA V-1 -1 987 for tapered 
NGT inlet and outlet threads, ANSI/ASME B1 .5-1 988 for Acme threads, and ANSI/ASME B1.1- 
1 989 for the packing gland threads. 
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Packing nuts shall be stress-relieved after completion of finish machining at 700°F ± 10°F for 
CDA 636 material, 1 1 00°F ± 1 0°F for ASTM B1 64 material, or 800°F ± 1 0°F for ASTM B1 50, 
C61300 material for a minimum of 1 hour. Surface hardness measurements of packing nuts after 
stress relieving may be made on the top of the nut as shown in Figure 11. 

6.14.5 Cleaning 

Prior to assembly, all parts, including the valve bodies, shall be cleaned to remove all traces of 
machining lubricants, metal chips, oxide film, and other foreign substances. A chlorinated- 
hydrocarbon, solvent-degreasing procedure is acceptable for removal of lubricants. 

6.14.6 Tinning. (Optional: To Be Specified by Purchaser) 

Prior to assembly, one valve body out of each fifty shall be selected at random for shipment with- 
out tinning. The remaining bodies shall have the tapered inlet thread tinned over its full length 
with a uniform coating of tin-iead solder, ASTM B32 with a minimum tin content of 45% such as 
alloy SN50. The thread roots shall be filled approximately half full. The tinning flux used shall be 
suitable for use with the aluminum bronze alloy. The composition of the solder in the pot shall be 
certified correct prior to its use. Tinning shall be accomplished by dipping the tapered thread into 
a pot of solder maintained at the proper temperature. The tinning temperature range shall be 
included in the seller's proposed procedures and submitted for approval. The inlet shall be 
plugged to prevent entry of solder or flux into the port, or solder and flux entering the port shall be 
completely removed. The body shall be preheated prior to dipping. Excess solder shall be re- 
moved and the valve allowed to cool without quenching before the flux residue is removed. All 
traces of the flux shall be removed. 

6.14.7 Assembly 

Parts shall be assembled as shown in Figure 1 1 . Cleanliness control shall be exercised to en- 
sure that parts and assemblies are not contaminated during or after assembly. Care shall be ex- 
ercised during assembly to avoid damage to the threaded elements and to ensure that all packing 
parts, including a full complement of packing, are installed. During assembly, a very light coat of 
fluorinated lubricant shall be carefully applied only to the Acme thread of the stem and to the ta- 
pered surface of the stem. No lubricant shall be used on any of the other components. 

After the packing parts have been installed and with the valve stem fully closed, the packing nut 
shall be tightened to compress the packing. Only a six-point socket wrench shall be used to ap- 
ply or break the torque on the nut. The wrench shall be manually operated only. The initial pack- 
ing compaction shall be in the range of 1 00 to 1 1 foot-pounds as measured by an indicating 
torque wrench. The use of an impact wrench shall not be permitted. 

6.14.8 Testing 

CAUTION 

Air pressure tests shall be applied with extreme caution to prevent personal injury. Pressure shall 
be raised slowly to the test pressure. The valve packing nut, cap, and body threads shall not be 
tightened with the valve at high pressure. The pressure shall be bled off before any components 
are retightened, and the test pressure shall be restored slowly. The air pressure source shall be 
valved off when the test pressure is attained. 

Each valve shall be pressure tested for leak-tightness, as follows: 

1 ) On a test bench of fixture, couple the %-inch, 1 4-NGT inlet to a high-pressure air source, oil 
free or filtered for elimination of oil. 

2) Open and close the valve stem twice, using not more than 10 foot-pounds torque, to seat 
the valve. An adjustable or indicating torque wrench shall be used. The application of exces- 
sive torque will damage the valves and is cause for rejection. 
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3) Pressure test for seat leakage at 400 psig by bubble bottle, by striking a soap bubble 
across the face of the valve outlet, or by immersing the valve in water. No leakage shall be per- 
mitted. The valve stem shall not be overtorqued to stop a leak. 

4) If no seat leakage is found, bleed off the pressure, cap the outlet securely, and open the 
valve approximately halfway. Pressure test the entire valve to 400 psig. No leakage shall be 
permitted past the stem, around the cap or packing nut, or through the body, as determined by 
application of the soap test solution all over the exterior of the valve or by immersion in water. 

5) If leakage at the stem or at either cap occurs, the corresponding packing or gasket may be 
retightened (see "caution" above) and the test repeated. Excessive force shall not be used in 
an attempt to eliminate the leak. The maximum torque permitted to retighten the packing nut is 
1 1 foot-pounds and to retighten the port cap is 50 ft-lb. An adjustable or indicating torque 
wrench shall be used for retorquing. Valves that show leakage at the juncture of the packing 
nut, cap, or coupling threads with the body threads shall be carefully examined for possible po- 
rosity in the valve body in the threaded areas. Parts showing any evidence of porosity shall not 
be used. 

6) Valves that fail to pass either pressure test shall be removed from the test fixture and im- 
mediately segregated and tagged to prevent mixing with acceptable valves. Valves rejected 
owing to packing leaks may have the packing replaced and be retested. 

7) After a valve has been tested and found acceptable, and while it is still coupled to the test 
fixture, any soap solution shall be washed off completely with water and the valve blown dry. A 
semi-permanent mark shall be made on the cap to indicate acceptance. 

6.14.9 Packing 

Each valve shall be packaged in an individual carton together with a protective packing material 
to fill voids in the carton and afford protection during shipment and handling. Each carton shall be 
identified with the lot number appearing on the inspection report. Individual valve cartons shall be 
placed in containers for shipment, and a copy of the inspection report shall be placed inside each 
shipping container. Each shipping container shall be sturdily constructed to prevent damage to 
the contents during shipping. Each shipping container shall be identified with the purchase order 
number and lot number, in addition to the purchaser's name and address. 

6.14.10 Certification 

The manufacturer shall certify in writing to the purchaser that the valves comply with all fabrica- 
tion, test, and cleanliness requirements specified in this standard. 

6.15 Cylinder Valve 51 (1 inch) (See Figure 12) 

6.15.1 Design Conditions 

1) Design Pressure. 25 psig external and 200 psig internal. 

2) Design Temperature. -40°F to 250°F. 

3) Medium. UF 6 . 

6.15.2 Material Specifications 

1) Body, Part 1. Forging, aluminum bronze CDA alloy 636. 

2) Packing Nut, Part 3. Acceptable materials are (1) Nickel copper alloy, ASTM B1 64, 
NO4400, stress relieved at 1100°F plus or minus 10 degrees F for 1 hour to meet ASTM B164 
mechanical properties for hot-worked, stress-relieved material; or (2) bar aluminum bronze, 
ASTM B150, C61300, stress relieved at 800°F plus or minus 10 degrees F for 1 hour and 
meeting the ASTM B150 mechanical property requirements for C61300 stress-relieved mate- 
rial. 

3) Port Cap, Part 4. Acceptable materials are (1) bar aluminum bronze, CDA alloy 636. 
stress relieved at 700°F plus or minus 10 degrees F for 1 hour, surface hardness of the bar 



32 



ANSI N14. 1-2001 



stock after stress relieving shall not exceed Rockwell B85 nor be less than B70, mechanical 
properties after stress relieving shall be: ultimate tensile strength 45,000 psi minimum, yield 
strength (0.5% extension) 25,000 psi minimum, elongation in 2 inches 30% minimum; (2) nickel 
copper alloy, ASTM B1 64, NO4400, stress relieved at 1 1 00°F plus or minus 1 degrees F for 1 
hour to meet ASTM B164 mechanical properties for hot-worked, stress-relieved material; or (3) 
bar aluminum bronze, ASTM B150, C61300, stress relieved at 800°F plus or minus 10 degrees 
F for 1 hour and meeting the ASTM B150 mechanical property requirements for C61300 stress- 
relieved material. 

4) Packing Follower, Part 5; Packing Ring, Part 7. Acceptable materials are (1) bar aluminum 
bronze, CDA alloy 636, stress relieved at 700°F plus or minus 10 degrees F for 1 hour, surface 
hardness of the bar stock after stress relieving shall not exceed Rockwell B85 nor be less than 
B70, mechanical properties after stress relieving shall be: ultimate strength 45,000 psi mini- 
mum, yield strength (0.5% extension) 25,000 psi minimum, elongation in 2 inches 30% mini- 
mum; or (2) bar aluminum bronze, ASTM B150, C61300, stress relieved at 800°F plus or minus 
10 degrees F for 1 hour and meeting the ASTM B150 mechanical property requirements for 
C61300 stress relieved material. 

5) Stem, Part 2. Bar, monel, ASTM B164, Class A or B, cold drawn and stress relieved to 
1025°Fplus or minus 10 degrees Ffor 1-1/2 hours. 

6) Packing, Part 6; Cap Gasket, Part 8. Teflon, 100% Virgin TFE (unfilled) 

7) Solder. Tin-lead, ASTM B32 with a minimum tin content of 45% such as alloy SN50. 

8) Fluorinated Lubricant. Occidental-Hooker HO-1 25 or the equivalent. 

CDA alloy 636 has the following composition limits, except that the lead content has been modi- 
fied as noted: 



Element 


Percentage 


Copper and the sum of 
other named elements 


99.5 min 


Lead 


0.03 max 


Tin 


0.20 max 


Iron 


0.10 max 


Silicon 


0.7-1.3 


Aluminum 


3.0-4.0 


Nickel 


0.15 max 


Zinc 


0.35 max 



Arsenic 0.15 max 

Each individual pour shall meet these composition limits. 

The valve body shall be forged and shall contain no laps, seams, porosity, or other objectionable 
defects. The data shown in Figure 12 plus a forging identification symbol, traceable to the heat 
number(s) from which the forgings were produced, shall be forged, stamped, or engraved into the 
body. Forgings shall be cleaned to a bright or matte finish and shall have the die-flash removed. 
No mechanical finishing of the valve body (such as buffing, peeling, grinding, or blasting) shall be 
permitted. 

6.15.3 Material Certification Requirements 

The seller shall require the manufacturer(s) of aluminum bronze materials to furnish mill certifica- 
tion, including the results of tests to determine the chemical composition, tensile strength, yield 
strength, and hardness of the materials. The tests shall be conducted in accordance with the 
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applicable test methods referenced in ASTM B249. Mill test reports shall be obtained for each 
separate lot of material produced by a different mill manufacturing process or of a different size, 
such as forging stock, as-extruded bar, and rolled and tempered (stress-relieved) bar. The mill 
test reports shall include heat numbers from which the manufactured products were produced. 

Mill test reports shall be obtained for each separate lot of material produced by a different mill 
manufacturing process or of a different size, such as forging stock, as-extruded bar, and rolled 
and tempered (stress-relieved) bar. The mill test reports shall include heat numbers from which 
the manufactured products were produced. 

The seller shall obtain a manufacturer's certification that the Monel material supplied has been 
manufactured and tested in accordance with ASTM B164. The seller shall submit certification in 
writing that all materials requiring mill certification in 6.15.2 conform to the specification require- 
ments. 

6.15.4 Manufacturing Requirements 

All parts shall conform to the dimensional requirements of Figure 12. In addition to the specific 
requirements of the drawing, acceptable practices such as deburring, breaking corners, and the 
like shall be used in the machining and finishing of parts. Close control over the manufacture of 
threaded elements shall be maintained to meet the drawing requirements. Threads shall conform 
to applicable American National Standards for manufacturing and gaging, modified as necessary 
to conform to the drawing. The applicable standards are ANSI/CGA V-1 for tapered NGT thread, 
ANSI/ASME B1 .5 for Acme threads and ANSI/ASME B1 .1 for the straight threads. 

Packing nuts shall be stress-relieved after completion of finish machining at 1 100°F ± 10°F for 
ASTM B164 material, or 800°F ± 10°F for ASTM B150, C61300 material for a minimum of 1 hour. 

6.15.5 Cleaning 

Prior to tinning, the valve bodies shall be degreased. Prior to assembly, all parts, including valve 
bodies, shall be cleaned to remove all traces of machining lubricants, metal chips, and other for- 
eign substances. A chlorinated-hydrocarbon, solvent-degreasing procedure is acceptable for 
removal of lubricants.. 

6.15.6 Tinning 

Unless specifically waived by the purchaser, one valve body out of every fifty shall be selected at 
random prior to assembly for purchaser inspection of the inlet threads. If required and not in- 
spected by the purchaser at the manufacturer's facility, the valve shall be shipped without tinning. 
The remaining bodies shall have the tapered inlet thread tinned over its full length with a uniform 
coating of tin-lead solder, ASTM B32 with a minimum tin content of 45% such as alloy SN50. The 
thread roots shall be filled approximately half full. The tinning flux used shall be suitable for use 
with the aluminum bronze alloy. The composition of the solder in the pot shall be verified as 
meeting specification prior to its use. Tinning shall be accomplished by dipping the tapered 
thread into a pot of solder maintained at the proper temperature. The tinning temperature range 
shall be included in the seller's proposed procedures and submitted for approval. The inlet shall 
be plugged to prevent entry of solder or flux into the port, or solder and flux entering the port shall 
be completely removed. The body shall be preheated prior to dipping. Excess solder shall be 
removed and the valve allowed to cool without quenching before the flux residue is removed. All 
traces of the flux shall be removed. 

6.15.7 Assembly 

Parts shall be assembled as shown in Figure 12. Cleanliness control shall be exercised to en- 
sure that parts and assemblies are not contaminated during or after assembly. Care shall be ex- 
ercised during assembly to avoid damage to the threaded elements and to ensure that all packing 
parts, including a full complement of packing, are installed. During assembly, a very light coat of 
fluorinated lubricant shall be carefully applied only to the ACME thread of the stem, the tapered 
surface of the stem, and the packing nut thread. 
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After the packing parts have been installed and with the valve stem fully closed, the packing nut 
shall be tightened to compress the packing. Only a six-point socket wrench shall be used to ap- 
ply or break the torque on the nut. The torque for initial packing compaction shall be in the range 
of 120 to 150 foot-pounds as measured by an indicating torque wrench. After the packing has 
been compressed, the top surface of the packing nut shall be flush with, or be not more than 
3/32-inch below, the shoulder of the wrench grip of the stem. Variations outside this range indi- 
cate improper packing of nonconforming parts and the deficiency shall be corrected. 



6.15.8 Testing 



CAUTION 

Air pressure tests shall be applied with extreme caution to prevent personal injury. Pressure shall 
be raised slowly to the test pressure. The valve packing nut, cap, and body threads shall not be 
tightened with the valve at high pressure. The pressure shall be bled off before any components 
are retightened, and the test pressure shall be restored slowly. The air pressure source shall be 
valved off when the test pressure is attained. 

Each valve shall be pressure tested for leak-tightness, as follows: 

1) On a test bench or fixture, couple the 1-inch, 11-1/2 NGT inlet port to a pressure source of 
clean dry nitrogen, oil free air, or air filtered for the elimination of oil. 

2) Open and close the valve stem twice, using not more than 55 foot-pounds torque, to seat 
the valve. The use of an adjustable or indicating torque wrench is required. The application of 
excessive torque will damage the valves and is cause for rejection. 

3) Pressure test for seat leakage at 400 psig by bubble bottle, by striking a soap bubble 
across the face of the valve outlet, or by immersing the valve in water. No leakage shall be per- 
mitted. The valve stem shall not be overtorqued to stop a leak. 

4) If no seat leakage is found, bleed off the pressure, cap the outlet securely, and open the 
valve approximately halfway. Pressure test the entire valve to 400 psig. No leakage shall be 
permitted past the stem, around the cap or packing nut, or through the body, as determined by 
application of the soap test solution all over the exterior of the valve or by immersion in water. 

5) If leakage at the stem or at either cap occurs, the corresponding packing or gasket may be 
retightened (see "caution" above) and the test repeated. Excessive force shall not be used in 
an attempt to eliminate the leak. The maximum torque permitted to retighten the packing nut is 
150 foot-pounds and to retighten the port cap is 50 foot-pounds. An adjustable or indicating 
torque wrench shall be used for retorquing. Valves that show leakage at the juncture of the 
packing nut, cap, or coupling threads with the body threads shall be carefully examined for 
possible porosity in the valve body in the threaded areas. Parts showing any evidence of po- 
rosity shall not be used. 

6) Valves that fail to pass either pressure test shall be removed from the test fixture and im- 
mediately segregated and tagged to prevent mixing with acceptable valves. Valves rejected 
due to packing leaks or cap gasket leaks may be repacked or have the cap gasket replaced 
and retested. 

7) After a valve has been tested and found acceptable, and while it is still coupled to the test 
fixture, any soap solution shall be washed off completely with water and the valve blown dry. A 
semi-permanent mark shall be made on the cap to indicate acceptance. 

6.15.9 Packaging. Unless specifically waived by the purchaser, one untinned valve shall be 
sent with each lot consisting of fifty valves or less for thread inspection by the purchaser, unless 
this inspection was performed by the purchaser at the manufacturer's facility. As far as possible, 
all valves in one lot shall be sent in a single shipment. Each valve shall be packaged in an indi- 
vidual carton together with a protective packing material to fill the voids in the carton and afford 
protection during shipment and handling. Each carton shall be identified with the lot number ap- 
pearing on the inspection report, and the cartons containing untinned valves shall be identified. 
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Individual cartons shall be placed in a common container for shipment, and a copy of the inspec- 
tion report shall be placed inside the shipping container. The shipping container shall be sturdily 
constructed to prevent damage to the contents during shipping. The shipping container shall be 
identified with the purchase order number and lot number, in addition to the purchaser's name 
and address. 

6.15.10 Certification. The manufacturer shall certify in writing to the purchaser that the valves 
comply with all fabrication, test, and cleanliness requirements specified in this standard. 



7. Outer Protective Packagings 

7.1 General 

Outer protective packagings are essential for the protection of cylinders against the release of 
UF 6 enriched to more than 1 wt % from puncture or fire should a transportation accident occur. A 
breach of the cylinder could allow uncontrolled geometries of enriched UF 6 which could result in a 
criticality incident. Proper maintenance of the outer protective packaging is essential so that the 
integrity of the package as fire and shock resistant housing will be assured. The outer protective 
packaging shall be kept structurally sound, provide a tight seal between the cover and base and 
be protected from damage to the insulation by moisture. The minimum inspection and mainte- 
nance requirements are listed in 7.4. 

7.2 Design 

7.2.1 Design Certification 

Outer protective packaging for the transport of non-LSA enriched UF 6 shall be designed and fab- 
ricated in accordance with the appropriate specification in 49 CFR, Part 178 [6] or in accordance 
with the requirements of an NRC or DOE Certificate of Compliance. 

7.2.2 NRC Certified Outer Protective Packaging Designs 

A listing of NRC certified designs can be found in the Directory of Certificates of Compliance for 
Radioactive Material Packages, NUREG-0383. 

7.3 Fabrication 

7.3.1 Manufacturer's Qualifications 

All outer protective packagings, including DOT specification or DOE or NRC approved designs, 
shall be fabricated in accordance with an NRC approved quality assurance plan meeting the re- 
quirements of 10 CFT 71, Subpart H or ANSI/ASME NQA-1c and ANSI/ASME NQA-1, or both. 
Prior to fabrication, a specific quality assurance plan shall be prepared for the manufacture of the 
protective packaging to be fabricated. The specific quality assurance plan shall meet the re- 
quirements of and be approved by NRC, DOE, or other regulatory body having jurisdiction of the 
procurement. 

7.3.2 Fabrication Tests and Certifications 

The manufacturer shall fabricate the outer protective packaging in accordance with 49 CFR, Part 
178 [6] or drawing approved in an NRC or DOE Certificate of Compliance. The manufacturer 
shall provide a certificate for the weight of each completed packaging. The tare weight shall also 
appear on the packaging nameplate. The scales used for the weight certificate shall be accurate 
to ±0.1%. All welding shail be performed by ANSI/AWS or ANSI/ASME code qualified welders 
qualified in accordance with Section IX for the ANSI/ASME Boiler and Pressure Vessel Code or 
Section 5 of the ANSI/AWS D1 .1 . The manufacturer shall provide the owner with certifications of 
weld procedures, welder qualifications and other certifications necessary to confirm that the 
packaging meets the requirements of 49 CFR Part 178 and ANSI N14.1. The owner shall retain 
copies of all certifications and other manufacturing data furnished by the manufacturer throughout 
the use or ownership of the protective packaging. 
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7.4 In-Service Inspections and Maintenance. 

7.4.1 Routine Operational Inspection 

The outer protective packaging shall be inspected by each shipper or by an agent of the shipper 
in accordance with written inspection procedures prior to each use to ensure its integrity. The 
inspection shall be documented on an inspection form prepared specifically for each type of outer 
protective packaging used. The following shall be cause for further investigation or removal from 
service for repair: excessive warping, distortion, or other damage of the liner or shell that would 
prevent a tight closure of the package, allow excessive clearance from the inner container with 
the liner, reduce the assembly fastener strength of the container, reduce the thermal insulation 
thickness in any area or otherwise make the integrity of the outer protective package question- 
able as a fire and shock resistant housing. The outer protective packaging shall also be in- 
spected for evidence of leakage of water into the packaging. Any evidence of water leakage shall 
require an investigation of the packaging to determine the amount of water present in the packag- 
ing. The packaging may be required to have the weight recertified if found necessary by the 
investigation. The water shall be removed prior to repair of the outer protective packaging. Any 
nonconforming conditions found by the qualified inspector shall be referred to personnel desig- 
nated by the shipper to evaluate for the use, repair, or condemnation of protective packaging. 
The representative of the shipper shall contact the owner and user of the protective packaging for 
recommendations concerning any repair or modification of the packaging. 

7.4.2 Periodic Inspections, Tests, and Recertification 

In addition to the routine inspections performed prior to each use, each protective packaging shall 
be recertified every 5 years. This recertification shall include the inspections specified in 7.4.1 
and detailed inspection for degradation of welds and the presence of rusting of the protective 
packaging. Welds shall receive a full visual inspection for the presence of cracks. Any weld de- 
fect shall be repaired in accordance with 7.4.3 prior to returning the protective packaging to ser- 
vice. Any questionable condition of a weld shall be subject to further examination, such as dye 
penetration testing, to assure that no cracks are present. Outer protective packaging shall re- 
ceive a full visual inspection for rusting and the presence of corrosion. This inspection shall in- 
clude assurance that corrosion has not reduced the skin wall thickness by 10% of the nominal 
thickness. When visual inspection cannot assure sufficient wall thickness, other examinations 
shall be utilized, such as ultrasonic testing, to assure acceptability. 

7.4.3 Repairs. All repairs shall be performed by competent sources. All repairs that require 
welding shall be made by welders who are qualified in accordance with Section IX of the 
ANSI/ASME Boiler and Pressure Vessel Code or Section 5 of the ANSI/AWS D1 .1 . The repair 
shop shall provide certification of weld procedures and welder qualifications. Any repairs that 
required partial or total replacement of the insulation shall be performed in accordance with an 
NRC approved quality assurance plan meeting the requirements of 10 CFR 71, Subpart H or 
ANSI/ASME NQA-1 , or both. Caution should be exercised to perform welding in a manner that 
does not damage adjacent thermal insulation or wood material by charring. Any repairs that re- 
sult in a significant weight change should be cause for recertification of total outer protective 
packaging weight. 



8 Shipping 

8.1 Cylinders 

8.1.1 Full Cylinders 

Full cylinders to be shipped shall be packaged as specified in clause 5 and when shipped by 
truck should be shipped on semi-trailers meeting the requirements of ANSI N14.30. 

8.1.2 Empty Cylinders. Empty cylinders with valve protection may be shipped without outer 
protective packaging provided the residual quantities ("heels") of uranium, considered to be in the 
form of UF 6 are not exceeded as follows: 



37 



ANSI N 14. 1-2001 








Cylinder 
Model # 


Heel 
(lb) 


Heel 
(kg) 

0.045 


Max. 
235 U, wt% 


5A or 5B 


0.1 


100.00 


8A 


0.5 


0.227 


12.50 


12Aor 12B 


1.0 


0.454 


5.00 


30B* 


25.0 


11.3 


5.00 


48A A or 48X 


50.0 


22.7 


4.50 


48F A or 48Y 


50.0 


22.7 


4.50 


48G or 48H 


50.0 


22.7 


1.00 


480, 480M 








Allied or 48T 


50.0 


22.7 


1.00 



* This cylinder replaces the 30A cylinder. The 30A cylinder has the same heel and maximum 
U limit as the 30B. 



235 



A Cylinder 48A and 48F are identical to 48X and 48Y, respectively, except that the volumes are 
not certified. 

8.1.3 Cylinders 

Clean cylinders, including new cylinders may be shipped with no special precautions other than 
those used in normal operations, provided the shipper is confident that no residual contamination 
remains in the cylinder that has specific activity that exceeds 0.002|j Ci/g (which would classify it 
as a radioactive material in accordance with 49 CFR 173.403). If this condition cannot be as- 
sured, the cylinder shall be shipped in accordance with 49 CFR 1 73.427 or clause 5 of this stan- 
dard and applicable DOT regulations. All bare cylinders shall incorporate a feature such as a 
seal that, while intact, shall provide assurance that the package has not been illicitly opened. 

8.2 Valve Protectors and Seals 

Valve protectors shall be used on all cylinders (except new and cleaned ones) that are not con- 
tained in an outer protective package during shipment. All UF 6 packages when shipped shall in- 
corporate a feature, such as a seal which, while intact, shall provide assurance that the package 
has not been illicitly opened. 

8.3 Labeling 

Packages shall be shipped in accordance with 5.2.1 (nonexclusive use LSA Material shipment) 
and 49 CFR 172.403. The package label shall be selected in accordance with 8.3.1 through 
8.3.4. 

8.3.1 Radioactive White-I Label 

The white-l label shall be used for radiation not exceeding 0.5 millirem per hour at any point on 
the external surface of the package. The white label is not authorized for Fissile Class II pack- 
ages. 

8.3.2 Radioactive Yellow-ll Label 

The yellow-ll label shall be used for packages exceeding the white-l limits but which have radia- 
tion levels not exceeding 50 millirem/hour at the package surface or a transport index exceeding 
1.0. 

8.3.3 Radioactive Yellow-Ill Label 

The yellow-Ill label shall be used for packages exceeding the yellow-ll limits, that is, with radiation 
levels exceeding 50 millrem/hour at the package surface or a transport index exceeding 1 .0. 
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8.3.4 Corrosive Labels 

Corrosive labels shall be applied to all packages containing UF 6 except those transported in ac- 
cordance with 5.2.2. (exclusive use LSA shipments) or 8.1 .3 (when the cylinder is sufficiently 
clean to be classed nonradioactive or is shipped in accordance with 49 CFR 173.428 for empty 
packaging). 

8.4 Placarding 

8.4.1 Radioactive Placards 

"Radioactive" placards shall be displayed on all conveyances transporting uranium hexafluoride in 
accordance with 5.2.2, and on all conveyances transporting a package labeled "Radioactive Yel- 
low-Ill." 

8.4.2 Corrosive Placards 

"Corrosive" placards shall be displayed on all conveyances transporting UF 6 for which the gross 
weight of UF 6 plus packaging exceeds 1000 pounds. 

8.5 Marking 

8.5.1 Low Specific Activity UF 6 in Less Than Truckload (Nonexclusive Use) Conditions 

Cylinders transported in accordance with 5.2.1 shall be marked with: 

1) USA DOT 7A Type A 

2) Radioactive material 

3) Uranium hexafluoride, low specific activity. 

4) UN 2978 

5) Name and address of consignor or consignee 

6) Gross weight 

8.5.2 Low Specific Activity UF 6 Under Exclusive Use Conditions 

Cylinders transported in accordance with 5.2.2 shall be marked "RADIOACTIVE-LSA" in accor- 
dance with 49 CFR 1 73.427(a) (6) (vi). 

8.5.3 Marking of Packages of UF 6 Enriched to Greater Than 1 wt% 235 U 

Packages used to transport UF 6 enriched to greater than 1 wt% 235 U shall be marked as follows 
as specified in the applicable NRC certificate of compliance or DOT/IAEA competent authority 
certificate and DOT regulations: 

1) Bare cylinders containing "heels" shall comply with 8.5.1. 

a) USA DOT 7A Type A 

b) Radioactive material 

c) Uranium hexafluoride, fissile 

d) UN 2977 

e) Name and address of consignor or consignee. 

f) Gross weight 

2) DOT specification outer protective packages shall be marked with the DOT specification 
number in conjunction with "USA-DOT-" (for example, "USA-DOT-21PF-1B"). 

3) NRC and DOE certified outer protective package designs and DOT specification outer pro- 
tective packages that will be exported shall be marked with the package design identification 
number, such as "USA/91 96/AF" 
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4) All outer protective packages shall be marked per DOT regulations: 

a) Uranium hexafluoride, fissile 

b) UN 2977 

c) Name and address of consignor or consignee 

d) Gross weight 

e) Type A 

8.6 Shipping Papers 

Complete transportation documentation (shipping) papers shall accompany each shipment. All of 
the information required by the DOT regulations (49 CFR Part 172, Subpart C) shall be included. 
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Figure 1 - UF 6 Cylinder 1S (See 6.4) 
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Figure 2 - UF 6 Cylinder 2S (See 6.5) 
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Figure 3 - UF 6 Cylinder 5B (See 6.6} (continued) 



o 
o 






> 

V) 



ID5-IN SCHEDULE-80PIPE 



STAMP "DP" IN LETTERS 5/16 HIGH 

ON 3/4-IN-SQUARE PLATE AND WELD TO 

COUPLING (PAINT THIS VALVE RED) 



A 



5-1/4-12 UN-2A 
THREAD 




-COMPANY'S ID AND SERIAL NO 
STAMP ON HEAD 




0.125 WIDE 
rx 5.128 ± 0.010 OD 



37-1/2° 



L 3/16 

OD5-IN PIPE 



NECK RING DETAIL 



(6) 3/8-IN HOLES 

DRILL THROUGH 5 _ 7 yg 

EQUALLY SPACED 




1/8-IN SHEET 



5-IN SCHEDULE-80PIPE 



,0.125 WIDE 
Y~r ( X 5.280 ±0.010 ID 



5-1/4-12 UN-2B THREAD 



ro 
O 
o 



PLAN 



VALVE PROTECTOR CAP DETAIL 



NOTES: 

(1) AH dimensions are in inches. 

(2) Dimensional tolerances are ±1/16 inch unless otherwise indicated. Angular tolerances are ±2° 

(3) Contour couplings shall be flush or concave to the pipe cap inner surface. 
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Figure 4 - UF 6 Cylinder 8A (See 6.7) (continued) 
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Figure 4 - (concluded) 
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Figure 5 - UF 6 Cylinder 12A (Deleted) (See 6.8) (continued) 
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NOTES: 

(1) All dimensions are in inches. 

(2) Use flat-type cap on this end when shipping with protective package. 
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Figure 5 - (concluded) 



(4) 1-1/2-DIA HOLES EQUALLY SPACED 
IN FOOT AND HEAD RING 



1-5/8 
REF 



4-1/4 MAX 
(VALVE PRO- 
H — TECTOR CAP 
SEATED) 




(4) DRILL 

1/4-DIAHOLESy 130D 
EQUALLY-^C MAX 
SPACED \(TYP) 



3/8 ± 1/8-1 \— 



VALVES 

I 

T-1/2X 1-1/2X 1 
SQUARE DRIVE NUT 

iTfi* — ^ DIP PIPE TAB 

< SILVER BRAZE 
(TYP) 



4^4-3/4 MAX 
(VALVE OPEN) 



SECTION A- A 
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Figure 6 - UF 6 Cylinder 12B (See 6.9) (continued) 
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5-1/4-12 UN-2A THREAD 



STAMP ''DP" IN LETTERS 5/16 HIGH 

ON 3/4-IN-SQUARE PLATE AND WELD TO 

COUPLING (PAINT THIS VALVE RED) 



ID 5-IN SCHEDULE-80 PIPE 



0.125 WIDE X 5.128 ± 0.010 OD 



< LONGITUDINAL WELD SEAM 




PLAN 




NECK RING DETAIL 



5-7/8 



(6) 3/8-IN HOLES ' 
DRILLTHROUGH jj 
EQUALLY SPACED 




1/8-IN SHEET 



5-IN SCHEDULE-80 PIPE 



0.125 WIDE X 5.280 ± 0.010 ID 



■5-1/4-12 UN-2B THREAD 
VALVE PROTECTOR CAP DETAIL 



NOTES: 

(1) All dimensions are in inches. 

(2) Dimensional tolerances are ±1/16 inch unless otherwise indicated. Angular tolerances are ±2° 

(3) Contour couplings shall be flush or concave to the cylinder head inner surface. 

(4) Grind neck ring at weld interference. 
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c/> 



no 
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Figure 6 - (concluded) 



NAMEPLATE LOCATION , 
(SEE FIG 13B1 



CYLINDER SERIAL NUMBER 
.STAMPED ON HEAD SKIRT 



CYL LONGITUDINAL* 
WELD JOINT 



1/2MIN 

(4) DRILL 1/2-DIA 
WEEP HOLES 
EQUALLY SPACED 

r 



LUGS (NOTE 4} 




30 ± 1 /4 OD 



PLAN 



1/2-1N THICK (NOM) HEAD' 



1-IN HALF-COUPLING B 
FLUSH INSIDE 
(NOTE 7) 




(4) DRILL 1/2-DIA WEEP HOLES 5/ 8 
EQUALLY SPACED 



1-3/4 REF 



SEAL LOOP A (SEE DETAIL) 



2 f 

1-IN PLUG (SEE DETAIL) 




30" SEMI-ELLIPSOIDAL HEAD 2:1 RATIO, 

2-INCH MINI STRAIGHT FLANGE, 

1/2-INCH THICK (NOM) x 7/16 INCH THICK MIN. 

SECTION A- A 



3/8-16-NC THREAD 



SHOULDER EYE BOLT DETAIL 
(MATERIAL: STAINLESS STEEL) 



NOTES 



3/4 
4 FULL THREADS 



DETAIL OF OPTIONAL PLUG 




COUNTERBORE SMALL END 
OF COUPLING AS SHOWN 



- PLUG END {SEE DETAIL) 

- VALVE END (SEE DETAIL) 



MODIFICATION TO MN-6000-LB 
HALF COUPLING 




INSTALLATION 
OF PLUG AND 
COUPLING 
OPTIONAL 



STAMP THE ACTUAL NUMBER 
OF EFFECTIVE THREADS 
ON THE PLUG HEAD 



3/8 DIA WITH 
1/32 CHAMFER 
TYP 



-H 1-21/64 (- 
HEX HEAD PLUG DETAIL 



1-1 1-1/2 NPT 
ANSI/ASMEB1.20.1 

&V PITCH DIAMETER 



AT LOCATION INDICATED 
SHALL BE 1.2136 



Ol 
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Figure 7 - UF 6 Cylinder 30B (See 6.10) (continued) 
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1/4-1 




5-1/4 



|ZI_5-1/2 -4 



3/8 
£ POSITIONER 



11 -GAGE SHEET METAL 



2-5/1 6 -P 
COVER '- 

POSITIONER 
TYPEB 
(NOTE 5) 



TYP>- 
1/8 1 




VALVE PROTECTOR 

TO FIT CONTOUR OF CYL 

(30 R) 



COVER POSITIONER TYPE A 

(NOTE 5) 



EYE BOLT (2} 
(SEE DETAIL) 



I 1 /4- 



1/2-IN HOLE 

DRILL THROUGH BOTH SIDES 

(BEFORE TACK-WELDING NUT) 

VALVE PROTECTOR DETAILS 



3/8-16-NC THREAD 
(STAINLESS STEEL NUT) 




1/4-1 N THICK (TYP) 



TACK WELD \ 



1-1/2 



1 IN VALVE 



-14° 30' 




COVER POSITIONER 
TYPE A 



(X_1/2-IN THICK I 



COVER POSITIONER 

TYPE B 

(OPPOSITE HAND) 




(NOM) HEAD 



10' 



_L 



1-IN HALF-COUPLING A 
FLUSH INSIDE AT THIS POINT 



VALVE 



5/16 R 1/4-DIAROD 
3/4 




WELD TO 
HEAD 



LL 



5/8 
SEAL LOOP A 



> 

C/) 



o 
o 



FULL-PENETRATION VEE BUTT WELD 

1/2-1 N THICK k/ifW ^ 1/2 -' N TH,CK (N0M) HEAD 
(NOM) SHELL T ^T J ~\ 

*■ 1-IN WIDE (MIN) BACK-UP BAR 

SUGGESTED HEAD-TO-SHELL SEAM 



£zz 




FULL-PENETRATION 
DOUBLE VEE BUTT 
JOINT (NOTE 6) 



SUGGESTED LONGITUDINAL 
SHELL SEAM 



1 MIN |— 



r~ 



■ 3 APPROX 

S3 



STANDARD CHIME RING DETAI L 



NOTES: 

(1) All dimensions are in inches. 

(2) Dimensional tolerances are ± 1/16 inch other than thickness unless otherwise indi- 
cated. Angular tolerances are ±2°. 

(3) Install the valve under the longitudinal weld joint of the cylinder. The valve outlet 
shall line up on the centerline of the cylinder as shown. 

(4) Weld the lugs for the valve protector to the head. 



(5) Cover positioner types A and B shall be parallel to each other and accurately lo- 
cated on the cylinder before welding in place. The sheet metal cover may be used as a 
locating jig. 

(6) Locate on vertical centerline at top. 

(7) Loop may be provided on top of the plug for sealing as an option to drilling a hole 
in the plug. 

(8) If the cylinder is fabricated using the spiral weld process, start the sprial 
weld 2" below the horizontal center line. 



Figure 7 - (concluded) 
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CO 



BUTT WELD 
(SEE DETAIL) 



SEE VALVE 
AND PROTECTOR 
DETAILS 



11 5-3/4 _q OVERALL BODY LENTH, 



1/2 +1/4 
L_ -1/16 




NAMEPLATE LOCATION 
[SEE FIG 13CJ 



(4) DRILL 1/2-IN WEEP HOLES 
IN SKIRT ATH0RI2 AND "~ 
VERT CL'S EACH END 



5/8 



SEMI-ELLIPSOIDAL HEAD/ 
48 ID X 5/8 THICK (MIN) J 
(NOTE 3) 



5/B-IN-THtCK SKIRT 
[STRAIGHT OR TAPERED] 
[NOTE 11 J 



48-1/2 ± 1/4 OD 




5/8 



SEE PLUG DETAIL 

PLUG END 



SIDE ELEVATION 



VALVE END 



;£—«.. 




3/4 R 



8-1/2 



/8R 



™->^y 



3/4--IOUNC 

HEX MJT 
SIttL. GRADE 



3/4" -IO*C 
SO. HEAD 
SET SCSEW, 
curt POINr 

2" LONG 

STEEL. GRADE 
DRILL (21 I 

HOLES * 90- 



LIFTING LUG * 

THE BOTTOM OF THE LIFTING LUG SHALL 
COINCIDE WITHIN ±1/8-lNCH OF THE HORIZONTAL 
CENTERLINE OF THE CYLINDER TO ASSURE THE 
FOUR LIFTING LUG HOLES ARE IN THE SAME PLANE 
FOR LIFTING. 




FRONT ELEVATION VALVE PROTECTOR 



SIDE ELEVATION VALVE PROTECTOR 



VALVE PROTECTOR TOLERANCES ±1/8" OTHERWISE INDICATED 

Figure 8 - UF 6 Cylinder 48X (See 6.1 1) (continued) 
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en 
4^ 



FULL PENETRATION 
{NOTE 5) 




LONGITUDINAL. 
SHELL SEAM 



^-VERTCL 
OFCYL 



GRIND FLUSH AT 
STIFFENING RING 



1/2MINfi "1 M~ 1/8 



MN-6000-LB 

X 1-IN-LONG 

HALF COUPLING 

(NOTE 4} 

FLUSH INSIDE 



1/16 MAX 



-1/4"-DIA BAR, A36 
SEAL LOOP 

-r 2 



JOINT WELD IN STIFFENING RING 



FULL-PENETRATION 
DOUBLE-VEE BUTT 
JOINT (NOTE 6) A 





HEX HEAD PLUG - 
(SEE DETAIL) 



PLUG DETAIL 



^S^^^^ 



LONGITUDINAL SHELL SEAM 



NOTE 8 



FULL-PENETRATION 
VEE BUTT WELDF- 




5/8-IN-THICK HEAD 



1-IN-6000-LB X 1-3/16-IN-LONG 
HALF COUPLING (NOTE 4) 



5/8-IN-THICK HEAD 



1-11-1/2 NGT SPECIAL 
(DO NOT PAINT) 



3/4 

FULL THREADS 

COUNTERBORE SMALL END 
OF COUPLING AS SHOWN 



DIA 



PLUG END (SEE DETAIL) 
3/16 -h VALVE END (SEE DETAIL) 

MODIFICATION TO 1-IN-6000-LB 
HALF COUPLING 

STAMP THE ACTUAL NUMBER 
OF EFFECTIVE THREADS 
ON THE PLUG HEAD 
NOTE 9 



3/8 DIA WITH 
1/32 CHAMFER 
TYP 
3/8 



1-11-1/2 NPT 
ANSI/ASMEB1.20.1 

PITCH DIAMETER 

AT LOCATION INDICATED 

SHALLBE 1.2136 
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5/8-IN-THICK SHELL 



HELL^ Vi_i/ 2 -MlN X 1/4 



VALVE DETAIL 



THICK 



BACK-UP BAR 



HEX HEAD PLUG DETAIL 
(NOTE 10} 



SUGGESTED HEAD-TO-SHELL SEAM 



1/2^x H l/2 .4..W.1/2 .-3/4-10 UNC-2 THREAD 

1/2, 1/2 IN HOLE '-r \ 'HARDEN TIP ONLY TO 

DRILL THROUGH \ ROCKWELL 55-60 

BREAK EDGES 

SET SCREW DETAIL 



NOTES 

(1) All dimensions are in inches. 

(2) All tolerances are ±1/16 inch other than thickness unless otherwise indicated. 

(3) Shall be in accordance with UG-32-D of the ANSI/ASME Code with 2-inch 
straight flange (both ends). 

(4) Shall be in accordance with ASTM A105, 1-11-1/2 NPT. Chase threads after 
welding. Modify prior to installation as shown in detail. 

(5) Locale joint near top between lifting lugs. 

(6) Locate on vertical centerline at top. 

(7) Fillet welds shall be in accordance with 3.6 of ANSI/AWS D 1,1 -90 in addition 
to the requirements of the ANSI/AMSE Code, Division 1, Section VIII. 

(8) Install valve perpendicular to head tangent and orient the valve outlet downward 
as shown on the vertical centerline of the cylinder. 

(9) Loop may be provided on top of the plug for sealing as an option to drilling a hole 
in plug. 

(10) 1-1/2-1 1-1/2 NPT plug and plug coupling may be used as an option to the 1-11- 
1/2 NPT plug. 

(11) A 20° tapered skirt may be used in lieu of the straight skirt shown on the plug 
end of the cvlinder. 

(12) If the cylinder is fabricated using the spiral weld process, start the spiral 
weld 2" below the horizontal center line. 



Figure 8 - (concluded) 



en 
en 



SEE VALVE AND 
PROTECTOR DETAIL 



BUTT WELD 
{SEE DETAIL) 



LIFTING LUG 
<TYP) 




2-1/2^ 
+ 1/4 
-1/16 



48-1/2 
± 1 /4 OD 



146-3/4 J Q OVERALL BODY LENGTH 



-20-3/4- 



14-5/8 



1/2 -| 
TYP 



-117-1/2 t 3/8 SEAM TO SEAM 



NAMEPLATE 
[SEE FIG 13C} 



5/8-IN-THICK SKIRT^/^ 
<4) DRILL 1/2-IN WEEP HOLES ^/g^ 
INSKIRTATHORIZ AND 
VERT CL'S EACH END 



% 



-38 ± 1/4. 



5 <°>ELL 



48 + J/ 4 ID 
-0 



— 38 ± 1/4- 
^T74^< TYP 



LIFTING LUG 
(TYP) 



V 7/8 X 2-1/2 
STIFFENING 
RING (TYP) 




SEMI-ELLIPSOIDAL HEAD 

48 ID X 5/8 THICK (MIN) J 5/ 8 

(NOTE 3) 



SIDE ELEVATION 



SEE PLUG DETAIL 
PLUG END 



VALVE END 



jfe— <•■ 



^lAV 



1-1/2-DIA HOLE 



1-IN-THICK PLATE 



*V3/4R 




8-1/2 



1/8R 



nr> 



T£V~ 



5-1/4--J 



«* NUT 
STEEL. ORAOe ( 



3/4" -I0UNC- 
80. >tM) 
SET SCREW. 
t»* POINT 
Z' LONG 
STEEL. BRACE t 
DRILL 12) \t~ 
HO.E9 ♦ 90* 



LIFTING LUG 

THE BOTTOM OF THE LIFTING LUG SHALL 
COINCIDE WITHIN ±1/8-INCH OF THE HORIZONTAL 
CENTERLINE OF THE CYLINDER TO ASSURE THE 
FOUR LIFTING LUGS ARE IN THE SAME PLANE 
FOR LIFTING. 




SIDE ELEVATION VALVE PROTECTOR 
FRONT ELEVATION VALVE PROTECTOR 

VALVE PROTECTOR TOLERANCES ±1/8" UNLESS OTHERWISE INDICATED 



> 

-z. 

CO 
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Figure 9 - UF 6 Cylinder 48Y (See 6.12) (continued) 



en 

CD 



1/2MIN-1 



FULL PENETRATION 
(NOTE 5) 




LONGITUDINAL 
SHELL SEAM 



GRIND FLUSH AT 
STIFFENING RING 



JOINTWELD IN 
STIFFENING RING 



FULL-PENETRATION 
DOUBLE-VEEBUTT 
JOiNT (NOTE 6)^ 




LONGITUDINALSHELL SEAM 



FULL-PENETRATION 
VEE BUTT WELD 



5/8-lN-THICK HEAD 



5/8-IN-THICK SHELL ^-1-1/2-MIN X 1/4-TH1CK 
BACK-UP BAR 



1-IN-6000 LB 
X 1-IN-LONG 
HALF COUPLING 
(NOTE 4) 

FLUSH INSIDE-^ 



1/16 MAX- 



t=S>— 1/4"-DlA BAR, A36 
T < V 

SEAL LOOP 

2 




HEX HEAD PLUG 
(SEE DETAIL} 



PLUG DETAIL 



NOTE 8 





3/4 

FULL THREADS 



COUNTERBORE SMALL END 
OF COUPLING AS SHOWN 



DIA 



PLUG END (SEE DETAIL) 
VALVE END (SEE DETAIL) 



MODIFICATION TO 
1-IN-6000-LB HALF COUPLING 



NOTE 9 



5/8-IN-THICK HEAD 



MN-6000-LB X 1 -3/16-IN-LONG 
HALF COUPLING (NOTE 4) 



1/16 ± 1/32 




1-11-1/2 NGT SPECIAL 
(DO NOT PAINT) 



— J 1-21 



/64 



STAMP THE ACTUAL 
NUMBER OF EFFECTIVE 
THREADS ON THE 
PLUG HEAD 

3/8 DIA WITH 
1/32 CHAMFER 
(TYP) 



3/8 



1-11-1/2 NPT 
ANSI/ASME B1.20.1 

-%5> PITCH DIAMETER 

/ AT LOCATION INDICATED 
-*- SHALL BE 1.2136 



> 



ro 
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VALVE DETAIL 



HEX HEAD PLUG DETAIL 
(NOTE 10) 



SUGGESTED HEAD-TO-SHELL SEAM 



i/#-ftr 1/2 4 



1* 

1/2-* ! 




1/2-1 N HOLE 

DRILL THROUGH BREAK EDGES 



SET SCREW DETAIL 



3/4-10 UNC-2 



HARDEN TIP ONLY TO 
ROCKWELL 55-60 



NOTES: 

(1) All dimensions arc in inches. 

(2) AH tolerances are ±1/16 inch other than thickness unless otherwise indicated. 

(3) Shall be in accordance with UG-32-D of the ANSI/ASME Code with 2-inch 
straight flange (both ends). 

(4) Shall be in accordance with ASTM A105, 1-11-1/2 NPT. Chase threads after 
welding. Modify prior to installation as shown in detail. 

(5) Locate joint near top between lifting lugs. 

(6) Locate on vertical centerline at top. 

(7) Fillet welds shall be in accordance with 3.6 of ANSI/A WS Dl. 1-90, in addition 
to the requirements of the ANSI/ASME Code, Division 1, Section VIII. 

(8) Install valve perpendicular to head tangent and orient the valve outlet downward 
as shown on the vertical centerline of the cylinder. 

(9) Loopmay be provided on top of the plug for sealing as an option to drilling a hole 
in the plug. 

(10) 1-1/2-1 1-1/2 NPT plug and plug coupling may be used as an option to the 1-11- 
1/2 NPT plug. 

(11) If the cylinder is fabricated using the spiral weld process, start the sprial 
weld 2" below the horizontal center line. 

(12) A 20° tapered .skirt may be used in lieu of the straight skirt shown on the plug end of 
the cylinder. 



Figure 9 - (concluded) 




VALVE END 



5/16 ^2 010 THICK SHELL 

SIDE ELEVATION 



SEMIELLIPSOIDAL HEAD 48 ID X 5/16 THICK MIN 
ANSI/ASME CODE UG-32-D WITH 2 SF (BOTH ENDS) 

PLUG END 



3/4-10 UNC-2 

HEX HEAD NUT, 

STEEL, 

TWO REQUIRED 



1-11-1/2 NGT(SPECIAL)- 
DO NOT PAINT 




6-1/4- 



1/4 X 7-5/8 X- 
14 HRS 



I 1/4 

1/4X6-1/4X 
14 LONG 
HRS 

CYLINDER VALVE GUARD 




7/8, DRILL 
THROUGH TWO 
HOLES (NUT 
OMMiTTED FROM 
THIS VIEW) 

^-1/4X6X23-1/4 
HRS 




INSTALL VALVE 
PERPENDICULAR 
TO HEAD TANGENT 
AND ORIENT THE 
VALVE OUTLET 
DOWNWARD AS 
SHOWN ON THE 
VERTICAL CENTERLINE 
OF THE CYLINDER 



1-6000 HALF COUPLING, 
ASTM A105,CUTTO 1" 
LENGTH, 1-11-1/2 NPT 
(CHASE THREADS 1-11- 
1/2 NGT AFTER WELD- 
ING) MODIFY PRIOR TO 
INSTALLATION AS 
SHOWN IN DETAIL 



VALVE END 



cn 

■vl 



> 

cn 



r\3 
o 
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Figure 10 - UF 6 Cylinder 48G (See 6.13) (continued) 



en 
oo 



STIFFENING RING BAR 2-1/2 X 7/8 



FULL PENETRATION FROM 
<BOTH SIDES OF STIFFENING 
RING {TYP 3 RINGS) 



TYPICAL EXCEPT WHERE 
SHOWN OTHERWISE 1/4 1 

24-5/16R- 

THE BOTTOM OF THE LIFTING LUG 
SHALL COINCIDE WITHIN ±1/8-INCH 
OF THE HORIZONTAL CENTERLINE 
OF THE CYLINDER TO ASSURE THE 
FOUR LIFTING LUG HOLES ARE IN 
THE SAME PLANE 




OUTSIDE ONLY^>- 



3-1/4. 



fcU 



3/8 THICK PLATE 

FORMED TO 12 ID 

1R 

VALVE COVER 
NOT SHOWN 
(SEE DETAIL} 




— H 3/4 H- FULL THREADS 




3/4"R (TYP.) 



VALVE GUARD 



FOR LIFTING. 



LIFTING LUG DETAIL 



GRIND FLUSH AT 
STIFFENING RING 



LOCATE LONGITU- 
DINAL SHELL SEAM 
2" BELOW HORIZON- 
TAL CENTERLINE, 
DOUBLE WELDED 
BUTT JOINT. SEE 
NOTE 3 FOR 
OPTIONAL WELD 




3/32 MAX 

(TYPICAL BOTH SIDES) 



1-6000 HALF COUPLING, 
ASTM A105, CUTTO 1" 
LENGTH, 1-11-1/2 NPT 
(CHASE THREADS 1-11- 
1/2 NGT AFTER WELD- 
ING) MODIFY PRIOR TO 
INSTALLATION AS 
SHOWN IN DETAIL 



COUNTER BORE 
f SMALL END OF 

1 .285 D /^ COUPLING AS SHOWN 
"l .300 D 



VALVE END 
PLUG END 

MODIFICATION TO 1-6000 HALF COUPLING 



STAMP THE ACTUAL NUMBER 
OF EFFECTIVE THREADS 
ON THE PLUG HEAD 



> 

CO 



no 
o 
o 



V, HORIZONTAL 
CENTERLINE 
OF CYLINDER 



L 



FLUSH INSIDE 



1/4 DIABAR 1/16 MAX 



1/2 MIN 



LONGITUDINALSHELL SEAM 



1*1-1/8- 



i 




SEAL LOOP 



HEX HEAD PLUG 
(SEE DETAIL) 



LOOP MAY BE 
PROVIDED ON TOP 
OF THE PLUG FOR 
SEALING AS AN ■ 
OPTION TO 
DRILLING A HOLE 
IN THE PLUG 



1/16 



1/2, DRILL THROUGH 
TWO HOLES 




1/8- 
SEAL LOOP 

MATERIAL: 1/8 C.R.S. ASTM A36 
3/4 
-10 



PLUG END 




3/8 DIA, DRILL THROUGH 
WITH 1/32 CHAMFER 



21/64- 



1-11-1/2 NPT ANSI/ASME 
B1.20.1 (1-1/2-11-1/2 PLUG 
AND PLUG COUPLING MAY 
BE USED AS AN OPTION) 

P. D. LOCATION INDICATED 
SHALL BE 1.2136 




UNC2 

J U-1/2 
HARDEN TIP ONLY 
TO RC 55-60 



FULL PENETRATION 
BUTT WELD 



NOTE: AVOID V 1 -1/2 MAX, 1/4 THICK 

SHARP BREAK BACKUP BAR 



DETAIL- HEX HEAD PLUG 

MATERIAL: ALUMINUM BRONZE 

CDA ALLOY 613, UPSET FORGED, 

EXTRUDED, OR EXTRUDED AND DRAWN 



SET SCREW 

MATERIAL: CARBON STEEL BAR 

ASTM A108, GRADE 1095 



SUGGESTED HEAD TO SHELL SEAM 

NOTES: 

(1) All dimensions are in inches. 

(2) Fillet welds shall be in accordance with 3.6 of ANSI/AWS D 1 . 1 -90 and the ANSI/ 
ASME Code, Division I, Section VIII. 

(3) If the cylinder is fabricated using the spiral process, start the spiral weld 2" 
below the horizontal centerline. 



Figure 10 - (concluded) 



3/4-8 ACME-2G THREAD 

0.7900 

0.7700 

0,6875 



™ MAJOR DIA 



0.7033 
06620 
0.6560 



PITCH DiA 
MINOR DIA 



1-1/4-18 UNEF-2A THREAD 

1 .2485 

1 .2398 

1.2124 



1/64 



IF PART IS DRILLED FROM 

OPPOSITE END, DRILLS SHALL 

MEET AT THIS POINT 0630 D , A _k 




_ 3/4-14 NGT THREAD 
(NOTE 7) 



1-1/4* 
-7/8 DIA 



■ 1.030-14 NGO THREAD 
RIGHT-HAND EXTERNAL 
(NOTE 8) 



-(NOTE 9) 



-•4-1.0158 DIA 
1STTHD 



en 

CD 



03/4-8 ACME 2G THREAD 



0.7500 



MAJOR DIA 
PITCH DIA 
MINOR DIA 



0.7437 
0.6806 
0.6648 
0.6050 
0.5813 

64/ 

V MAX r RIGHT 
HAND 

AFTER GRINDlt 

21/64 

BEFORE GRINDING 



CB3 



p 3/8 DIA 



7/16 
CROSS CORNER VIEW 




PART #1 

BODY 

1 REQUIRED 



1-1/4-18 UNEF2B THREAD 
1.250 MAJOR DIA 

1 ^§ PITCH D.A 



1-4SS- MINOR DIA 
1.203 




STAMP WITH 
1/8-IN FIGURES 

(NOTE 9} 



1-1/2DIA f 
(TYP) 1/8— t H- 



0.375 

STAMP OR STENCIL 
(NOTE 9) 






— 7/8—4 
—1-1/16—1 




U-i-1/2 HEX-^J 



SURFACE HARDNESS 
AFTER MACHINING 
AND STRESS 

ELIEVING SHALL BE 
MEASURED AT 
THIS LOCATION 

17/32 DIA HOLE - 



PART #2 

STEM 

1 REQUIRED 



PART #3 

PACKING NUT 

1 REQUIRED 



> 

GO 



IV) 

o 
o 



Figure 11 - UF 6 Cylinder 50 (3/4 Inch) (See 6.14) (continued) 



o 




0:517 DIA 



1-1/4 HEX 



1-1/4 DIA 

1.035-14 NGO THREAD 
RIGHT-HAND INTERNAL ^1/4 
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NOTES: 

(1) All dimensions are in inches. 

(2) Fractional tolerances shall be ±1/64 inch, decimal tolerances shall be 
±0,005 inch and angular tolerances shall be ±1-1/2° unless otherwise indicated. 

(3) The service pressure is 200 psig at 250°F. 

(4) All machined surfaces shall be finished to 63 microinches unless 
otherwise indicated. Remove all burrs and break all sharp corners. 

(5) Valves shall be manufactured, tested, inspected, identified, and pack- 
aged in accordance with 6.14. 

(6) Materials of construction and certification shall be in accordance with 
6.14. 

(7) This thread shall conform to ANSI/CGA V-l-1987 (two turns undersize, 
14 full threads required minimum). 

(8) This thread shall conform to ANSI/CGA V- 1-1987. 

(9) Stamp, forge, or engrave the vendor's name, the vendor's model number 
and trackability code, and the valve number and revision number (latest 
revision) in 1/8 -in letters. The valve numbers and revision number shall also 
appear on the packing nut and stem. 

(10) Diameters marked with the symbol © shall be concentric with each 
other within 0.002-inch TIR. 

(11) Dimensions marked with the symbol A indicate the length of perfect 
threads. 
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Figure 12 - UF 6 Cylinder Valve 51 (1 inch) (See 6.15) (continued) 
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NOTES: 

(1) All dimensions are in inches. 

(2) Fractional tolerances shall be ±1/64 inch, decimal tolerances shall be ±0.005 
inch, and angular tolerances shall be ±1-1/2° unless otherwise indicated. 

(3) The service pressure is 200 psig at 250°F. 

(4) All machined surfaces shall be finished to 63 microinches unless otherwise 
indicated. Remove all burrs and break all sharp corners, 

(5) Valves shall be manufactured, tested, inspected, identified, and packaged in 
accordance with 6.15. 

(6) Materials of construction and certification shall be in accordance with 6.15. 

(7) This thread shall conform to ANSI/CGA V-l-1987, except that the pitch 
diameter shall be gaged 1/8-inch from the small end (1-1/2 to 2-1/2 turns undersize, 13 
to 14 perfect threads). 

(8) These threads shall conform to ANSI/ASME Bl. 1-1989. 

(9) Each valve shall be tested at 400 psig in accordance with 6.15. 



(10) ] -inch -11-1/2 NGT thread shall be tinned with a uniform coating of tin-lead 
ASTM B32 solder with a minimum tin. content of 45%, such as alloy SN50. 

(11) Cover 1-inch- 11-1/2 NGT thread with a cap or similar fitting to protect the 
threads and keep the valve inlet clean during shipping and storage. 

(12) The outlet can be counterbored 1/16-inch deep at this location (with 45° 
chamfer), if desired, to prevent burr formation. 

(13) 0.005 to 0.007 radius or chamfer permitted. 

(14) Apply fluorinatcd lubricant to these surfaces of the stem only, 

(15) Stamp, forge, or engrave the seller's name, valve number, and revision number 
(latest revision) in 1/8-inch figures. The valve number and revision number shall also 
appear on the packing nut and stem. 

(16) Diameters marked with the symbol « shall be concentric with each other to 
within 0.020-inch TIR. 

(17) Dimensions marked with the symbol A indicate the length of perfect threads. 



Figure 12 - (concluded) 



1/4- 



1/4- 



r 

5/8 



17/32 



7716 



13/16 *- 



5/32 TYP 



(8> SPACED 
@ 1 /4 =* 2 



1/4- 



-5/8- 




■1/4 



MANUFACTURER'S NAME 

13/32 



NAT'L. BOARD NO. 



W 
RT3 



MAWP 200 PSIG @ 250* F 
MDMT -40° F @ 200 PSIG 
25 PSIG EXTERNAL MO/YR 

MFG. NO. BUILT 



MODEL NO. _ 

ANSI N14. 1-2001 
SPEC. NO. 



SERIAL NO. 
REV. 



TARE WT 

WATER CAP. ^_^__ r _ 

MAX. NETUF 6 

HYDROSTATIC TEST DATES: i 



LB. (OR KG) 

LB. (OR KG) 

. LB. (OR KG) 



7/8 TYP 




(4) 
►1/4 = 1 



4-11/16 



5/8- 



1 



25/32 

1 



13/16 



(8) SPACED 

<? 1/4-2 



'COMPANY'S 
NAME 



m 



MANUFACTURER'S NAME 



NAT'L BOARO NO. 



W 

RT3 



MAWP 200 PSIG <& 2S0» F 
MDMT -20°F© 200 PSIG 
MIN. TRANSPORT TEMP. -40* F 
25 PSIG EXTERNAL 
MFG. NO 



MO/YR 
BUILT - 




13/32 



(a) Nameplate for 
SB, 8A, and 12B Cylinders 

NOTE: Dimensions shown can be varied to provide information required. Nameplate shall be attached by continuous welding 



(b) Nameplate for 
30B Cylinder 



> 

-z. 

CO 



en 

CO 



Figure 13 - UF 6 Cylinder Nameplates (continued) 



o 
o 






3/8 
1 


1/4, 5/8 g 1/4i 




"4- 

5/8 
* 


V ^ NAT'l. ROARD NO. 


f 
1/2 


j M | SPACE FOR 

W 
RT3 MFR.NAME 

MAWP 200 PSIG @ 250° F 

MDMT -20°F @ 200 PSIG 

MIN. TRANSPORT TEMP. -40° F 

MFG. NO. 


! 




1-1/4 

I 




J1/4 , 




•■Jl/4 ' 


1 


11/4 ' 


MO/YR 
BUIIT 




J 1/4 ' 




TYPE — ANS | N14.1-2OOI 

V X X X X X X 

WATER CAP. LB@60°F 


8 


$1/4 


r 
> 

o 

z 

-J 

< 

3 
Q 

> 

a 




1 1/4 ' 


71 

H/8TYP 


v' 


fl/4 


TAREWT. |p 

MAY WT UF 6 1 R 

SPECIFICATION NO, 

RETEST DATES (MO/YR) 




J1/4 




■*1/4 




11/4 




1 1/4 




J 1/4 







3/8 



5/8 



1/4 | 5/8 ,1/4, 



© 

W 
RT3 



< 

a 
> 

G 

2 



NAT'L BOARD NO.. 
SPACE FOR 



MFR. NAME 



MAWP 100 PSIG @235° F 

MDMT -20° F @100 PSIG 

MIN. TRANSPORT TEMP. -40° F 

MO/YR 

BUILT 

TYPE 




WATER CAP 

TARE WT 

MAX. WT. UF 6 

SPECIFICATION NO. 
RETEST DATES (MO/YR) 



1/2 



> 



o 
o 



1-1/4 







*1/8 TYP 1 



1/8 TYP 



NOTE: Dimensions shown can be varied to provide information required. Nameplate shall be attached by continuous welding. 

(c) Nameplate for (d) Nameplate for 

48X and 48Y Cylinders 48G Cylinder 



Figure 13 - (concluded) 



ANSI N14.1-2001 



Appendix A 
Cleaning Procedures for New Cylinders 9) 

The following procedure is suggested for cleaning new cylinders: 

1) As late as practicable before assembly of heads to the shell, clean all interior surfaces free 
of slag, mill scale, weld spatter, and rust. 

2) Blow or brush the cylinder free of all loose grit, dust, and the like. 

3) Following the welding assembly and hydrostatic testing, degrease the interior of the vessel 
with an alkali cleaning solution such as Kelite 24D (2 to 4 ounces per gallon), or an approved 
equivalent. Hold the solution in the vessel at a temperature of 180°F to 200°F for a minimum of 
10 minutes. 

4) Drain cleaning solution from vessel and thoroughly rinse with clean hot water at 180°F to 
200°F. 

5) Blow dry immediately with filtered dry air (-40°F dew point or lower). The moisture content 
of exhaust air from vessel must not exceed -30°F dew point. Measure dew points with an Alnor 
dew point meter or an approved equivalent. 

6) Inspect visually to determine that the cylinder interior is clean, dry, and free of scale and 
other loose material. A droplight or standard horoscope is suitable for this purpose. 

7) Upon completion of the cleaning and drying procedures, install the valve and plug, or plug 
the openings, as specified. 



9) Other methods or information may be equally applicable. 
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Appendix B 
Method for Large Cylinder Decontamination for Residual UF 6 Greater than 1.0wt% 235 U 



CAUTION 

Extreme caution and particular attention should be exercised in the cleaning of large cylinders 
that are geometrically unsafe from a nuclear safety aspect. In the event that these cylinders con- 
tain a "heel" larger than the safe mass of 235 U at the approved maximum enrichments (Ref. 
8.1 .2), water must not be added and nuclear safety personnel should be consulted. 



B.1 Nuclear Safety Controls 

B.1.1 235 U Enrichment. This procedure is limited to: 

1) 30-inch diameter cylinders containing less than 5 wt% 235 U. 

2) 48-inch diameter cylinders containing less than 5 wt% 235 U. 
B.1.2 Maximum Water Wash. 5 gallons. 



B.2 Safety 

Proper safety precautions include the wearing of safety glasses; splash goggles or full face mask, 
as required; and neoprene gloves. Approved respiratory protection should be worn in the event 
that gas is emitted, and a respirator should be worn when the cylinder is being steamed. 



B.3 Cylinder Storage 

Place incoming cylinders in an approved nuclear criticality safety storage area. 

B.4 Accountability 

For uranium accountability purposes, identify collector containers of uranium-bearing solution with 
tags that contain the following information: (1) cylinder number, (2) material code, and (3) ma- 
terial transfer number. 

B.5 Procedure 

The following procedure is suggested for decontaminating large cylinders: 

1) Checkweigh the cylinders before the wash solution is added. 

2) Transfer one cylinder from the approved storage area to the roll stand in the decontamina- 
tion area. 

3) Using Tygon (or the equivalent) hose and fittings as provided, connect the cylinder valve to 
a container modified to hold no more than 5 gallons of liquid. 

4) If the heel weight is less than the specified limits (see 8.1 .2), add 5 gallons of water to the 
container. If the heel weight is greater than these limits, consult nuclear safety personnel for 
use of boron solution (10 grams boron per liter) for cleaning. The boron content must be certi- 
fied by the laboratory. Use 1 gallon of the boron solution per 5 pounds of residuals. 
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CAUTION 

Total water content in the cylinder must not exceed 5 gallons except in cases where the neutron 
absorber is used, or when the 235 U enrichment is b elow 1 .0 wt %. _____„ 

5) Open the cylinder valve slightly. If a positive pressure is experienced, as evidenced by the 
appearance of bubble in the Tygon (or the equivalent) hose, close the cylinder valve and re- 
duce the internal pressure by spraying the entire cylinder externally with cold water for 10 to 20 
minutes. 

6) When no positive pressure is evident, open the cylinder valve and allow water or boron so- 
lution to enter the cylinder. 

7) Close the cylinder valve and disconnect the Tygon (or equivalent) hose. 

8) Rotate and tilt the cylinder for 1 minutes to hydrolyze the uranium compounds. 

9) Remove the cylinder valve or plug. 

10) Using a 1 /2-inch copper tube, siphon the solution into a 1 -gallon container. When the con- 
tainer is full, stop siphoning, and immediately transfer the solution from the container, using an 
individually safe funnel, into an individually safe plastic bottle container in a dolly. 

11) Continue siphoning the solution from the cylinder until all solution has been removed, trans- 
ferring the solution from the container to the plastic bottle as necessary. 

12) If no solution can be siphoned from the cylinder after the addition of 5 gallons of water, add 
5 gallons of boron solution. 

13) Repeat steps (4), (8), (10), and (11) twice more. 

14) After the third wash cycle, sample the solution for total uranium concentration. 

15) Repeat the 5-gallon-water or boron-solution wash, cylinder rotation, siphoning, and sam- 
pling until the uranium concentration is less than 5000 ppm U. 

16) Using a horoscope, visually inspect the interior of the cylinder for any accumulations of 
uranium-bearing compounds. 

17) Apply steam to the interior of the cylinder for approximately 2 to 3 hours. Discard steam 
condensate solution. 10) Provide local exhaust control to prevent atmospheric contamination. 

18) Use the boroscope to ascertain that the cylinder has been completely cleaned. 

1 9) If oil is present, add 2 gallons of Freon-1 1 3 (or the equivalent) or trichloroethane, and tilt 
and rotate the cylinder for approximately 10 minutes. Drain and discard the solvent, 10) and re- 
peat the washings as many times as necessary to remove all traces of oil. 

20) Steam the cylinder for 1 to 20 minutes. 

21) Rotate the cylinder and siphon the condensate through the valve opening. 

22) Dry the interior of the cylinder with filtered dry air until the moisture content of the air in the 
cylinder is less than -30 degrees F dew point. 

23) Visually inspect the interior of the cylinder with the boroscope to ascertain that the cylinder 
is clean and dry. 

24) Replace the valve, tag the cylinder as being decontaminated, and transfer it to storage. 



10J Discard solutions in compliance with plant criteria. 
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Appendix C 
Activity of UF 6 Shipping Cylinders 



U.S. Department of Transportation and NRC regulations require that the activity of UF 6 shipments 
be specified. The curie (Ci) is the unit used to specify the activity of the uranium isotopes of in- 
terest and is equa! to 3.7 x 1 10 disintegrations per second. 

Uranium hexafiuoride may be produced either from unirradiated uranium or from irradiated ura- 
nium that may contain small quantities of the 232 U and 233 U isotopes. The maximum activity that 
may be anticipated in standard shipping cylinders containing enriched UF 6 prepared from both 
irradiated and unirradiated uranium is given in Table C1. A convenient graph (see Figure C1) is 
included for determining the specific activity of UF 6 prepared from irradiated uranium. The maxi- 
mum anticipated UF 6 specific activity as function of 235 U enrichment is indicated by the dashed 
line. 

As a result of long-established usage in internal dose calculations, a curie of recently extracted 
natural uranium has come to mean 3.7 x 1 10 disintegrations per second from 238 U, plus 3.7 x 1 10 
disintegrations per second from U, plus 9.0 x 10 disintegrations per second from °U. Thus, 
when this description is applied to natural uranium, 1 curie is equal to 7.5 x 10 10 disintegrations 
per second. As this definition is the result of long-term usage and may not be universal, it is ad- 
visable to check the meaning of the activity, in curies, when applied to natural uranium. 

Additional discussion of the curie unit and activity determinations relative to UF 6 shipping cylin- 
ders may be found in USAEC Report K-L-6252. 11) 



11) Newlon, C.E., and Taylor, R.G. Curie determination of Uranium Hexafiuoride Shipping Cylinders, USAEC 
Report K-L-6252. Oak Ridge, Tennessee: Oak Ridge Gaseous Diffusion Plant, Union Carbide Corporation, 
Nuclear Division, February 10, 1970. Available from National Technical Information Service, U.S. Depart- 
ment of commerce, Springfield, VA 22151. 
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Table C.1 - Maximum Anticipated Activity Levels in UF 6 Shipping Cylinders 



Model 
Number 


Maximum 

Assay 
(wt% 23S U) 


Maximum 

Net Weight 

(lb UF 6 ) 


Activity (curies) 


Irradiated* 


Unirradiated 


1S 
2S 

5A and B 
8A 

1 2A and B 
30A 
30B 

48A A and 
X 

48F A 
48Y 
48 F A 
48Y 
48T 
480 

480M Al- 
lied 
480M 
48H 
48HX 
48G 


100.0 
100.0 
100.0 
12.5 
5.0 
5.0f 
5.0f 
4.5t 

4.5f 
4.5t 
Natural 
Natural 
1.0§ 
1.0§ 
1.0§ 

1.0§ 
1.0§ 
1.0§ 
1.0§ 


1.0 
4.9 
55 
255 
460 

4 950 

5 020 
21 030 

27 030 
27 560 
27 030 
27 560 
20 700 

26 070 

27 030 

26 070 

27 030 
27 030 
26 840 


0.04 
0.18 
2.02 
0.71 
0.50 
5.40 
5.47 
20.80 

26.80 
27.30 

6.15 
7.74 
8.07 

7.74 
8.03 
8.03 
7.97 


0.03 
0.17 
1.90 
0.65 
0.45 
4.85 
4.92 
18.70 

24.10 
24.50 
5.60 
5.70 
5.69 
7.17 
7.43 

7.17 
7.43 
7.43 
7.38 


* 0.110 parts 232 U plus 500 parts 233 U per 10 6 part 235 U are considered to 
be present. 

t Moderation control equivalent to 99.5% pure UF 6 is required. Assays 
greater than 1 wt % may be loaded only if the cylinder and shipping pro- 
cedures are specifically approved for such higher 235 U enrichments by 
the NRC and DOT. 

A Cylinders 48A and 48F are identical to 48X and 48Y, respectively, ex- 
cept that the volumes are not certified. 

§ Cylinders with tails UF 6 will have less activity than shown even though 
the fill limits for tails cylinders may be slightly higher in accordance with 
the requirements of 5.5 and Table 1 . 
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Figure C.1 - Specific Activity of UF 6 
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Figure D.1 - Density of Gaseous UF 6 
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Figure D.2 - Density of Liquid UF 6 
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Figure D.3 - Phase Diagram of UF 6 
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Appendix E 
Examples of a Cylinder Procurement Specification 

The following example illustrates the type of information that should be included in a typical pro- 
curement specification and its presentation. 

E.1 Scope 

The scope should set forth what this particular procurement is trying to accomplish. 

E.2 Applicable Codes, Standards, and Drawings 

The following are referred to in this Appendix; the applicable portions of the latest revisions of the 
references form a part of this specification: 

ANSI/ASME B1. 20.1-1 983, Pipe Threads, General Purpose (Inch) 

ANSI/ASME B16.1 1 -1 996, Forged Fittings, Socket Welding and Threaded 

ANSI/CGA V-1 -1 994, Compressed Gas Cylinder Valve Outlet and Inlet Connections 

ANSI/ASTM A20-1 997, Specification for General Requirements for Steel Plates for Pressure 
Vessels 

ASTM A1 05-1 998, Specification for Forgings, Carbon Steel, for Piping Components^ 

ASTM A1 08-1 995, Specification for Steel Bars, Carbon, Cold Finished Standard Quality 1 ) 

ASTM A1 31 -1 994, Specification for Structural Steel for Ships* ] 

ASME SA-240 1 995, Specification for Heat-Resisting Chromium and Chromium-Nickel Stainless 
Steel Plate, Sheet, and Strip for Pressure Vessels 

ASTM A285-1990, Specification for Pressure Vessel Plates, Carbon Steel, Low-and Intermediate- 
Tensile Strength^ 

ASTM A370-1 997, Methods and Definitions for Mechanical Testing of Steel Products^ 

ASTM A51 6-1 990, Specification for Carbon Steel Pressure Vessel Plates for Moderate- and 
Lower- Temperature Service^ 

ASTM B32-1996, Specification for Solder MetaP 

ASTM B1 50-1 998, Specification for Aluminum Bronze Rod, Bar, and Shapes r) 

ANSI/ASME Boiler and Pressure Vessel Code-1998 (referred to as the Code) 

Sec. VIII, Pressure Vessels, Division 1 

Sec. IX Welding and Brazing Qualifications 

Figure 8, Cylinder, Type 48X 

Figure 12, 1-inch Size Valve for UF 6 cylinder 

[This illustration is for the Type-48X cylinder with a 1 -inch valve. Individual specifications might 
cite other drawings than the ones in this standard.] 
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E.3 Specifications 

E.3.1 Working Pressure 

The cylinder shall be constructed to withstand working pressures of 200 psig internal at 250° F 
and 25 psig external at 250° F. 

E.3.2 Materials of Construction 

E.3.2.1 Cylinder 

Cylinder shell, heads, lifting lugs, stiffening rings, backing rings, and skirts shall conform to nor- 
malized ASTM A516, Grades 55, 60, 65, steel, meeting heat treatment and supplementary re- 
quirement S5. The ASTM A516 piate used for shell fabrication shall have an additional require- 
ment on the practice used to make the steel. Shell steel shall be made by a low-sulfur practice 
with inclusion shape control. The sulfur content shall not exceed 0.010%. 

The results of the impact test shall meet the acceptance criteria in ASTM A20 for the grade of 
A516 steel used. If desired, ASTM A131, Grade-E steel may be used for the stiffening rings. 
This steel shall meet the Charpy v-notch impact test requirements of ASTM A131. The test re- 
sults shall be submitted to, and approved by, the company prior to cylinder fabrication. 

An additional set of charpy impact tests are required on the shell steel. The long axis of the 
specimen shall be oriented transverse to the final direction of rolling. The acceptance criteria 
shall be 55 ft-lbs when tested at a temperature less than 1 50° F. 

E.3.2.2 Pipe Plug 

Upset forged, extruded or extruded and drawn aluminum bronze CDA alloy 61 300, conforming to 
ASTM B150. Plugs shall have solid hex-head, with 1-inch, 11-1/2 NPT conforming to 
ANSI/ASME B1 .20.1 . The actual number of effective threads on the plug shall be stamped on the 
head of the plug. After machining the plugs shall be stress relieved at 800° F plus or minus 10 
degrees F. 

E. 3.2.3 Couplings 

Couplings shall be forged steel conforming to ASTM A105, 1-inch half coupling, 6000 lb, conform- 
ing to ANSI/ASME B16.11. The couplings shall be 11-1/2 NPT (national pipe thread). Couplings 
shall be counterbored as described in Figure 8 of ANSI N1 4.1 -2000. 

E.3.2.4 Solder 

Solder shall be ASTM B32, tin-lead alloy SN50. 

E.3.2.5 Nameplate 

The nameplate shall be of stainless steel, 13 gage, ASME 240, Type 304L. 

E.3.2.6 Valve Guard 

The valve guard shall be of carbon steel, ASTM A285, Grade C. The set screw shall be carbon 
steel bar, ASTM A108, Grade 1095. 

E.3.3 Testing 

E.3.3.1 Hydrostatic 

Each cylinder shall be tested at 400-psig cylinder pressure. The test pressure shall be produced 
only as permitted by and in accordance with the Code, and the cylinder shall be retested after the 
repairs are complete. 

E.3.3.2 Air 

Following the cleaning, hydrostatic testing, drying, and plug and valve installation, pressure each 
cylinder to 10 psig using filtered dry air (-40° F dew point, as measured with an Alnor dew point 
meter). Soap test for leaks around the valve and plug threads and then pressure the cylinder to 
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100 psig. While under 100 psig pressure, all welds and the plug and valve connections shall be 
soap tested, with no leakage being permitted. Any welded repair shall be followed by reapplica- 
tion of the hydrostatic test, cleaning, drying, and air test. 

E.3.3.3 Vacuum 

The cylinder shall be prepared for painting and shipment by reducing the pressure to 20 inch (5 
psig) Hg vacuum minimum. An air jet ejector is suggested for this purpose. 



E.4. Quality control 

E.4.1 Procedures 

The seller shall establish and maintain written quality control procedures for manufacture, clean- 
ing, inspection, equipment calibration, and testing to ensure that the finished product meets the 
requirements of this specification. Such procedures may consist of, or be based on, the seller's 
written specifications for like practices or shall be developed to meet the requirements of this 
specification. Industry standards, together with a program of frequent inspection and verification 
of the seller's adherence to such standards, are acceptable. 

E.4.2 Approvals 

The seller shall, prior to the start of fabrication, submit copies of the proposed procedures to the 
company for approval. Changes in approved procedures may not be made during manufacture 
without prior written approval by the company. The company shall be notified 5 days in advance 
of the start of fabrication to allow a company representative to witness initial production. The rep- 
resentative shall be permitted access to the manufacturing facilities at any reasonable time to 
verify that the quality control procedures are being implemented in manufacturing. 

E.4.3 Responsibilities 

The requirements for certification of materials and control of quality through inspection shall be 
imposed by the seller on the subcontractors, if any. 



E.5 Manufacturing. 

E.5.1 Fabrication 

Cylinders shall be fabricated in accordance with Section VIII, Pressure Vessels, Division 1, of the 
latest edition of the ANSI/ASME Boiler and Pressure Vessel code and shall be ASME Code and 
National Board stamped. All welders and welding procedures shall be qualified in accordance 
with Section IX, Welding and Brazing Qualifications, of the Code. 

At least one test weld, representing each welding procedure to be used in fabrication of the cylin- 
ders, shall be impact tested. Test plates, including those for the appendages, shall have butt- 
type weld joints. The weld metal specimens shall be taken across the weld with the notch in the 
weld metal. Each specimen shall be oriented so that the notch is normal to the surface of the 
materials, and one face of the specimen shall be within 1/16 inch of the surface of the material. 
For ASTM A516 steel, these impact tests shall be performed in accordance with ASTM A370 for 
Charpy V-notch tests. The results shall meet the acceptance criteria listed in ASTM A20 for the 
grade of ASTM A516 steel used. For ASTM A131 Grade-E steel, the Charpy V-notch impact 
tests and acceptance criteria shall be as specified in ASTM A131 for Grade-E steel. The test re- 
sult shall be submitted to and approved by the company prior to cylinder fabrication. 

E.5.2 X-Ray Examination 

A minimum of one spot X-Ray examination for each cylinder shall be made in accordance with 
Section UW-52 of the Code using a fine-grain X-ray film (Kodak Type AA or a company approved 
equivalent). Unless otherwise directed by the code inspector, locations of spots shall be at the 
juncture of the longitudinal seam and the circumferential head weld, alternating ends for succes- 
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sive cylinders. The weld imperfections indicated by the radio-graphs shall not exceed those per- 
mitted by Section UW-52 (except for rounded indications, which shall be required to meet UW-52) 
of the Code. 

E.5.3 Cleaning 

The inside of the cylinder shall be thoroughly cleaned of all grease, oil, scale, slag, loose oxides, 
dirt, moisture, and other foreign contamination, except for a thin coating of iron oxide from hydro- 
testing. The detailed cleaning procedure proposed shall be submitted for the company's approval 
before fabrication is started. A signed cleaning certification form for each cylinder shall be sub- 
mitted to the company. 

E.5.4 Valve and Plug Installation 

E.5.4.1 Valves shall be supplied to the seller by the company with valve threads already tinned 
with a thin uniform coating of ASTM B32 alloy SN50 solder. The dimensions of the valve are 
shown on the referenced drawing. The threaded portion of the valve, which will be installed in the 
cylinder coupling, is cut with approximately 13 or 14 complete threads. 

E.5.4.2 Plugs and couplings shall be furnished by the seller. Plug threads shall be tinned with 
a thin uniform coating of ASTM B32 alloy 50A solder before installation. The 1-inch, 6000-lb half- 
coupling into which the valve and plug are to be installed shall be threaded as specified in E3.2.3. 

E.5.4.3 The valve and plug couplings should be installed by first screwing in a 1-inch, 11-1/2 
NPT pipe nipple into the coupling before any welding to coupling is accomplished. After welding 
is completed, coupling should be allowed to cool before removal of pipe nipple. A 1 -inch, 11-1/2 
NGT tap may be used only if necessary for a light chase. 

E. 5.4.4 The valve thread engagement shall be obtained using a minimum of 200 ft-lb and not 
more than 400 ft-lb of wrench torque. The plug engagement shall be obtained using a minimum 
of 150 ft-lb and not more than 650 ft-lb of wrench torque. The torque wrench shall be applied to 
the valve body and not to the bonnet nut. An indicating torque wrench shall be used for valve and 
plug installation. No material of any kind, other than the specified solder, shall be used on the 
threads to facilitate installation. A minimum of 7 and a maximum of 1 2 valve threads shall be en- 
gaged. For the plug, a minimum of 5 and a maximum of 8 threads shall be engaged. 

E.5.5 Cylinder Capacity 

The seller shall determine the capacity of each cylinder by completely filling the cylinder with wa- 
ter. The weight of water contained in the cylinder and the water temperature shall be recorded. 
The water capacity at 60° F (62.37 lb of water per ft 3 ) shall be determined. The cylinder shall 
have a minimum water capacity (corrected to 60° F) of 6792 lb of water (1 08.9 ft 3 ). Upon comple- 
tion of fabrication, painting, and evacuation of the cylinder, the tare weight of each cylinder shall 
be determined. The water capacity in pounds of water at 60° F after tare weight shall be stamped 
on the nameplate of the cylinder. The seller shall submit to the company for approval the proce- 
dure for this operation before starting fabrication. 

E.5.6 Identification 

Each cylinder shall have a stainless steel nameplate, as shown on the referenced drawing, per- 
manently attached to the cylinder. The nameplate shall state the serial number of each cylinder, 
numbered consecutively, starting with a four-digit number specified by the company. 

E.5.7 Painting 

After interior cleaning and all testing have been completed, the exterior of the cylinder shall be 
cleaned and prepared for blasting. Prior to coating the exterior surface of the cylinder, the cylinder 
shall be blasted to a commercial finish. The blasting shall remove rust, scale, dirt and other for- 
eign materials. The cylinder shall be primed with one coat of zinc chromate Pittsburgh No. 6-204, 
or an approved equivalent, and painted with one coat of Battleship Gray, Pittsburgh No. 54-307, 
or an approved equivalent. The valve and nameplate shall be completely masked so that no part 
is painted. 
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E.6 Certification 

E.6.1 Mill Tests 

The seller shall furnish to the company one certified copy of mill test reports, including chemical 
and physical analysis on each heat of material used in fabricating cylinders. Serial numbers of 
cylinders shall be identified as to the heat numbers of materials used in the cylinder fabrication. 

E.6.2 Inspection and Testing 

The seller shall furnish to the company one completed copy of the manufacturer's sheet ASME 
Form U-1 for each cylinder. The seller shall also furnish to the company certification that each 
cylinder has passed the air-soap test as specified in E3.3.2. 

E.6.3 Capacity Statement 

The seller shall submit to the company the calculations used to determine the water capacity of 
each cylinder. 

E6.4 Miscellaneous Certification. The seller shall submit to the company for each cylinder a 
verification of performance for: 

1) E5.2, X-ray Examination 

2) E5.3, Cleaning 

3) E5.4, Valve and Plug Installation, data indicating the actual torque applied and the actual 
number of threads showing after installation. 

E6.5 Certified Package. The seller shall submit to the company all required certification data 
as a "package" and identified by the company cylinder number. 



E.7 Defect Repair 

Repair of all defects whereby the cylinder fails to comply with this specification and the necessary 
retesting shall be at the seller's expense. 



E.8 Acceptance 

Final acceptance will be at the designated U.S. DOE plant. Acceptance will be based on (1) re- 
view of the seller's certified test reports; (2) visual inspection for workmanship, cleanliness, and 
the condition of all attachments; (3) dimensional inspection of the cylinder; and (4) vacuum 
check of the cylinder. Failure to meet any of the preceding requirements shall be cause for rejec- 
tion of the cylinder. 



E.9 Shop Drawings and Manufacturer's Data 

The seller shall furnish the company with shop drawings and manufacturer's data as specified on 
the Manufacturer's Data Required form on the last page of this specification (see Figure E.1). 
Only after the company's approval shall the seller proceed with fabrication. 
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MANUFACTURERS DATA REQUIRED 


















SPEC OR DAT*. SHEET NO- 


REV, 




PACE 

OF 


DESCRIPTION AND EQUIPMENT NUMBERS 


NUMBER OF COPIES 


TYPE 48X UF 6 CYLINDERS 


to 


o 
a. 
a. 
< 


> c 


CERTIFIED AS 
BUfLT COPIES 




o 2 


«J T) 

o U 

O-U. 
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N, - 


THE SELLER SHALL FURNISH 
DATA BELOW IN QUANTITIES SHOWN - 


a. uj 


OUTLINE DIMENSION DWG. - INCLUDE TOTAL WT. OF EQUIPMENT 




3 






1 




ASSEMBLY DRAWINGS 




3 






1 




DETAIL DRAWINGS - MECHANICAL 














FLOW DIAGRAMS 














PANEL WIRING DIAGRAMS 














ELEMENTARY WIRING DIAGRAMS 

(According to joint Industrial Council Std.) 














INTERCONNECTING WIRING DIAGRAMS 
(According to Joint Industrial Council Std.) 














MATERIAL CERTIFICATION 










1 




WELDING PROCEDURES 




3 






1 




OPERATING DATA AND PERFORMANCE CURVES 














TEST REPORTS AND INSPECTION REPORTS 










1 




MANUFACTURERS DATA REPORT ON UNFIRED PRESSURE VESSELS 

(National Board Certification of Inspection FORM U- 1) 










1 




SPARE PARTS LIST- INCLUDING RECOMMENDATIONS FOR 1 YEAR 

(Each port is to be described and identified in sufficient detail to permit procurement from 
the original manufacturer, or from any supplier). 














OPERATING AND MAINTENANCE INSTRUCTIONS 














LUBRICATION INSTRUCTIONS 














RECOMMENDED PIPING AND INSTRUMENTATION 














INSTALLATION INSTRUCTIONS 














SCHEMATIC OR LOGIC DIAGRAMS 

(Each component shall be described and identified in sufficient detail to permit procurement 
from the original manufacturer, or from any Supplier). 














Proposed Quality Control Procedures 




3 






1 




Welding Qualifications 




3 






1 




Certification (X-ray, cleaning, valve and plug installation) 












1 

















GENERAL NOTES; 

J. Within weeks after award of subcontract the Seller shall furnish the required number of data and drawings "For Approval" 

and/or "Advance Engineering" as outlined in the table above. Subsequent revisions shall also be approved. 

2. "Certified Correct" dota and drawings are required prior to delivery of equipment and / or material. Each copy of information 
shall be worked to indicate Company's Purchase Order No. , Equipment No. and Manufacturer' s Model and Serial No. 



Figure E.1 - Sample of Manufacturer's Data Required Form 
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Acceptable Damage (Requires no repair) 



Bent but not broken stiffener ring. 
Cuts and/or dents in a stiffener ring. 
Cuts, pits, and/or dents in a skirt. 
Any cut, dent or gouge in the cylinder 
shell, that is less than 0.10" in depth. 
Any shallow/gentle curved dent in the 
cylinder shell that has a depth to diame- 
ter ratio of less than 1/12, providing the 
depth is less than 0.50". 




Less than 0.50' 



Unacceptable Damage (Requires repair of any damage, but does not require a hydrostatic test) 



1 . Broken or cracked stiffener ring. 

2. Stiffener ring torn from shell without 
removal of metal from shell 

3. Stiffener ring butt weld cracked both 
sides. 

4. A hole in a stiffener ring weld that is vis- 
ible from both sides. 

5. Skirt torn from head without removal of 
metal from head. 



Broken/cracked 
stiffener ring 




Stiffener ring 
torn from shell 
without removal 
of metal from 
shell 




Skirt torn from 
head without 
removal of metal 
from head 

22ZZZ23 
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Unacceptable Damage (Requires repair of any damage followed by a hydrostatic test) 



1 . Visible cracks in the cylinder shell. 

2. A skirt torn from head with a loss of metal from the head. 

3. A bulge in the cylinder shell. 

4. Any gouge, cut, or dent with a depth greater than 0.50" or 
a depth to diameter ratio greater than 1/12, if the depth is 
between 0.10* and 0.50". 

5. Any gouge, cut, or dent with a depth greater than 0.10" 
and a noticeable loss of metal. 

Any dent, visible crack, cut or gouge (with a significant 
loss of metal) in or adjacent to any head or seam weld, 
p Greater than 0.10" 



Skirt torn from head with a 
loss of metal from the head. 

mzmm 



xm/fi?ftffiwcitii& 



Gouge, cut or dent over 
0.10" deep with metal loss 



'/: 



vszzsm 

A bulge in the cylinder shell. 
Greater than 0.50" 



6' or greater 



NOTES: 

1 . If the cylinder is to be used in the vertical 
position, dents, cracks, or other damage to 
the bottom skirt which would impair its 
capability to support the cylinder in the ver- 
tical mode would be unacceptable. 

2. A bent valve or plug requires only the 
replacement of the damaged valve and/or 
plug, provided no damage has been done 
to the half coupling. 
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Reproduced By ihs ANS| N i 4>1 . 20 oi, Addendum 1 

l HMI With The Permission Of ANSI supplement to ANSI N14.1-2001 

Under Royalty Agreement 



American National Standard 



for Nuclear Materials - 

Uranium Hexafluoride - Packaging for Transport 

Approved: April 3, 2002 Secretariat: Institute of Nuclear Materials Management 

Page 1 of 3 pages 

This addendum revises the American National Standard ANSI N1 4.1 -2001, Uranium Hexafluoride - Pack- 
aging for Transport, as defined in the following changes to the standard: 

1 . Add the following new section: 

6.3.6 Cylinder Skirt Holes for 48X and 48Y Alternate Valve Protector. Holes may be drilled into the 
skirt of existing 48X and 48Y cylinders (as described in Figures 8 and 9, respectively) in accordance 
with Figure 14 to allow the use of the alternate valve protector detailed in Figure 14. 

2. Add a new item (8) to the Material Sections 6.11.5 and 6. 12.5 as follows: 

(8) Alternate Valve Guard. Aluminum Plate of alloy UNS A96061 meeting the mechanical properties of 
temper condition T62 as specified in ASTM B209. Plug material aluminum bar of alloy UNS 
A96061 with mechanical properties of temper condition T6 as specified in ASTM B211 with stain- 
less steel thread insert. 

3. Add a new figure, Figure 14, which consists of Figure 14, Part 1 , of this addendum, "Alternate Valve 
Protector" and Figure 14, Part 2, of this addendum, "Cylinder Skirt Modification for Alternate Valve Pro- 
tector". 
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An American National Standard implies a consensus of those substantially concerned with its scope and provisions. An American National 
Standard is intended as a guide to aid the manufacturer, the consumer, and the general public. The existence of an American National Stan- 
dard does not in any respect preclude anyone, whether he has approved the standard or not, from manufacturing, marketing, purchasing, or 
using products, processes, or procedures not conforming to the standard. American National Standards are subject to periodic review and 
users are cautioned to obtain the latest editions. 

The American National Standards Institute does not develop standards and will in no circumstances give an interpretation of any American 
National Standard. Moreover, no person shall have the right or authority to issue an interpretation of an American National Standard in the 
name of the American National Standards institute. 

CAUTION NOTICE: This American National Standard may be revised or withdrawn at any time. The procedures of the American National 
Standards Institute require that action be taken to reaffirm, revise, or withdraw this standard no later than five years from the date of 
approval. Purchasers of American National Standards may receive current information on all standards by calling or writing the American 
National Standards Institute. 



Copyright © 2002 by the American National Standards Institute, 25 West 43rd Street, New York, New York, 10036. 
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3 PLACES 

PLUG WITH THREAD INSERT 

(3 PLACES, SEE DETAIL & NOTE 7) 

6" - FLAT 
^ — PLATE 
\ DEVELOPMENT 
\ LENGTH 
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1 3 PLACES 
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-BOX COVER (VALVE TAMPER PROOF FEATURE) 
- FORMED 1/8" THICK SHEET, STITCH-WELDED TO VERTICAL 
1/2" THICK MEMBERS, AS SHOWN IN FRONT VIEW 



(NOTES 8 & 9) 
3/8 " 




TYP. 



1-8 UNC 




PLUG DETAIL 



MATERIAL: ALUMINUM, UNS A96061 - T6 
QUANTITY: 3 PIECES 



PICTORIAL VIEW 



3/4-10 UNC 



3/4-10 UNC STAINLESS STEEL 
E-Z LOK THREAD INSERT 



MATERIAL: E-Z LOK PART NO. 303-12 OR EQUIVALENT 
QUANTITY: 3 PIECES 
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Figure 14 (Part 1) - Alternate Valve Protector 



SAE CARBON STEEL WASHER, 
1 1/2 0.0., 13/16 I. D,. 1/8 THK v 




3/4-10 UNC X 2 1/4 HEXAGON HEAD CAP 
SCREW, ALLOY STEEL. ASTM A354 GRADE BD 
(150,000 PSI UTS) WITH OPTIONAL HOLE 
THROUGH HEX HEAD (APPROX. 1/8 OR 
OR 3mm DIA.) 

SEE SKIRT HOLE DETAIL 




SKIRT HOLE DETAIL - 3 PLACES 



UF6 CYLINDER 
MODEL 4SX OR48Y 



SECTION B-B 



CYLINDER END VIEW - VALVE END 
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NOTES: 

1. All dimensions are in inches. Dimensions with M * " are nominal plate sizes. 

2. All tolerances for the Valve Protector components (prior to welding) are ± 1/32" or + 0.5", unless otherwise noted. 

3. The Valve Protector is symmetrical about its vertical centerline. 

4. Materials of construction; Aluminum Plate (3/8" nominal thickness, unless otherwise shown) of alloy UNS A96061 meeting the 
mechanical properties of temper condition T62 as specified in ASTM B209. Plug material aluminum bar of alloy UNS A96061 with 
mechanical properties of temper condition T6 as specified in ASTM B21 1 with stainless steel thread insert. The box cover (valve 
tamper proof feature) shall be formed from utility grade UNS A93003 H14 aluminum sheet, or equivalent. 

5. Existing cylinders may be modified by drilling 3 holes in the skirt, as shown, to allow the Valve Protector to be attached by cap screws. 

6. External surface of top, curved plate of Valve Protector shall be free of weld spatter. 

7. Thread inserts shall be installed flush against underside of top, curved plate. 

8. AN joints shall be welded with 3/8" (unless shown otherwise) fillets, both sides which blend smoothly into the parent metal. 

9. All filler metal for structural joints shall be AWS A5.10 class ER5356 (UNS A95356) or equivalent which meets the strength 
requirements of the plate material. 

10. Dimension dependent on actual skirt geometry. Dimensions shown are for the nominal skirt OD (48 1/2"). Location of holes, from 
outer edge of skirt, is relative to each cylinder head surface and must be established using either the Valve Protector or through use of 
a template or iia. 

Figure 14 (Part 2) - Cylinder Skirt Modification for Alternate Valve Protector 
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NEW NUMBERS FOR MATERIAL SPECIFICATIONS 

Beginning with the 1943 Edition of Section II of the Code, all Material 
Specification numbers will be changed to correspond with the A.S.T.M. numbers 
with the prefix letter S. ^ For your convenience there is given below a list show- 
ing their new specification numbers and the corresponding old specification 
numbers. 



New Number 


Old Number 


New Number 


Old Number 


S-4 


S-4 


SB-11 


S-20 


SA-7 


S-7 


SB-12 


S-21 


SA-18 


S-10 


SB-13 


S-22 


SA-27 


S-ll 


SB-25 


S-38 


SA-30 


S-53 


SB-42 


S-23 


SA-31 


S-5 


SB-43 


S-24 


SA-47 


. S-15 


SB-61 


S-41 


SA-48 


S-13 


SB-62 


S-46 


SA-53 


S48 


SB-75 


S-66 


SA-70 


S-l 


SB-96 


S-36 


SA-72 


S-19 


SB-98 


S-37 


SA-83 


S-17 


SB-Ill 


S-47 


SA-84 


S-16 


SB-126, 


S-39 


SA-89 


S-2 


SB-127 


S-54 


SA-96 


S-9 






SA-105 


S-8 






SA-129 


S-25 






SA-135 


S-58 






SA-157 


S-33 






SA-158 


S-34 






SA-176 


S-61 






SA-178 


S-32 






SA-181 


S-SO 






SA-182 


S-35 






SA-192 


S-40 






SA-194 


S-51 






SA-201 


S-42 






SA-202 


S-28 






SA-203 


S-43 






SA-204 


S-44 






SA-206 


S-4S 






SA-209 


S-48 






SA-210 


S-49 






SA-212 


S.55 






SA-213 


S-52 






SA-216 


S-56 






SA-217 


S-57 






SA-225 


S-60 






SA-233 


S-63 






SA-240 


S-62 






SA-249 


S-64 






SA-250 


S65 
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FOREWORD 

In 1911 The American Society of Mechanical Engineers ap- 
pointed a committee to formulate standard specifications for the 
construction of steam boilers and other pressure vessels and for 
their care in service, which committee has since come to be 
known as the Boiler Code Committee. Specifications for ma- 
terials used in such constructions have been adopted and in- 
cluded. 

As the primary object of these rules is safety, the interests of 
users of toilers and pressure vessels are of paramount im- 
portance. The rules have been formulated to afford reason- 
ably certain protection of life and property and to provide a 
margin for deterioration in service so as to give a reasonably 
long, safe period of usefulness. The interests of manufac- 
turers have also been recognized by taking into consideration 
advancements in design and material and the evidence of ex- 
perience. 

The Committee's function is the formulation of such rules and 
the interpretation thereof when the intent is not clearly indi- 
cated. Revisions and adoption of new rules are given considera- 
tion at regular intervals to provide for progress in the art and 
the use of other materials. Proposed new rules and revisions, 
prior to adoption, are published in Mechanical Engineering 
soliciting study and consideration by all interested parties. 

The Boiler Code Committee does not approve, recommend, 
or endorse proprietary or specific designs, nor does it assume to 
limit in any way the builders' right to choose any method of 
design, or form of construction that conforms to the code rules. 

The Committee meets at regular intervals for the purpose of 
considering inquiries' relative to the Boiler Code. The ordinary 
procedure and handling of each case is as follows: All inquiries 
must be in written form and complete in detail before they are 
accepted for consideration. The inquiry is referred to the 
proper subcommittee to report its recommendation at the next 
or subsequent meeting of the Main Committee. The matter is 
then acted upon by the Main Committee at its meeting and 
also by letter ballot. If of general interest the reply is made by 
published interpretation, otherwise by letter communication. 
If an interpretation is approved by the Main Committee, it is 
submitted to the Council of the Society for its approval, after 
which it is issued to the inquirer and simultaneously published 
in Mechanical Engineering. 

Each state and municipality that has accepted one or more 
of the sections of the Boiler Code is invited to appoint a repre- 

w 



tentative to act on the Conference Committee to the Boiler 
Code Committee. Since the members of the Conference Com- 
mittee are in active contact with the administration and enforce- 
ment of the rules, the requirements for inspections in Par. P-332 
and similar paragraphs in other sections of the Code corre- 
spond with those in effect in their respective jurisdictions. 
The required qualifications for an authorized inspector under 
these rules may be obtained from the administrative authority 
of any state which has adopted these rules. 

The National Board of Boiler and Pressure Vessel Inspectors 
is composed of chief inspectors of states and municipalities that 
have adopted the Boiler Code. This Board, since its organiza- 
tion in 1919, has functioned to administer uniformly and en- 
force the rules of the Boiler Code. The cooperation of that 
organization with the Boiler Code Committee has been ex- 
tremely helpful. Its function is clearly recognized and, as a 
result, inquiries received which bear on the administration or 
application of the rules are referred directly to the National 
Board. Such handling of this type of inquiries not only sim- 
plifies the work of the Boiler Code Committee, but action on 
the problem for the inquirer is thereby expedited. Where an 
inquiry is not clearly an interpretation of the rules, nor a prob- 
lem of application or administration, it may be considered both 
by the Boiler Code Committee and the National Board. 

It should be pointed out that the state or municipality where 
the Boiler Code has been made effective has definite jurisdiction 
over any particular installation. Inquiries dealing with prob- 
lems of local character should be directed to the proper authority 
of such state or municipality. Such authority may, if there is 
any question or doubt as to the proper interpretation, refer the 
question to the Boiler Code Committee. 

The specifications for materials given in Section II of the 
code are identical with or similar to those of the American Soci- 
ety for Testing Materials as indicated, except in those cases 
where that organization has no corresponding specification. 

The Boiler Code Committee is deeply indebted to the Ameri- 
can Society for Testing Materials, American Welding Society, 
U. S. Bureau of Marine Inspection and Navigation (now under 
the U. S. Coast Guard), A.S.M.E. Special Research Committee 
on the Strength of Vessels Under External Pressure, Special 
Committee on Rules for Bolted Flanged Connections, and 
other similar organizations and committees, for their coopera- 
tion in the formulation of these rules. 

M> 
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A.S.M.E. BOILER CONSTRUCTION 

CODE 

SECTION VIII 
UNFIRED PRESSURE VESSELS 

These rules are not intended to apply (a) to pressure vessels which are subject to 
Federal control, (b) to locomotives of all types, (c) to vessels for containing only water 
under pressure for domestic supply including those containing air, the compression 
of which serves only as a cushion or in air-lift pumping systems, (d) to vessels for 
flammable liquids and for gases at temperatures of over 300 F, (e) to vessels subject 
to collapsing pressures of 15 lb or less. 

The Code does not contain rules to cover all details of design and construction. 
Where complete details are not given, it is intended that the manufacturer, subject to 
the approval of the authorized inspector, shall provide details of design and construc- 
tion which will be as safe as otherwise provided by the rules in the Code. . 

These rules are intended to apply to vessels for pressures not exceeding a range of 
2$oo to 3000 psi. It is recognized that for higher pressures certain deviations or 
additional requirements may be necessary in view of the greater thicknesses and 
fabrication limits involved. 

U-l (a) The rules of this section apply to all unfired 
pressure vessels except those having an external or internal 
pressure of 15 psi or less, irrespective of size, or having an' 
inside diameter of 6 in. or less, irrespective of pressure. 

Compliance with Par. U-65 is not required for vessels of: 

(1) 5 cu ft capacity or less designed for pressures not 
exceeding 250 lb pressure; 

(2) IV2 cu ft capacity or less designed for pressures ex- 
ceeding 250 lb pressure, 

but such vessels shall be stamped with the data required in 
Fig. U-13 omitting the Code symbol and, if welded, the welding 
operators shall be qualified in accordance with the requirements 
of this section of the Code, in the presence of an authorized 
inspector. 

When requested, certificates for such noninspected vessels 
shall be furnished as shown on form U-3. 

The foregoing limitations apply to each single vessel and not 
to an assembly of vessels. 

Vessels below the above limits may, if it is so desired, be in- 
spected and stamped with the Code symbol as provided in 
Pars. U-65 and U-66. 
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XT-2 SECTION VIII UNFIRED PRESSURE VESSELS 

All vessels, irrespective of size or pressure, shall be equipped 
with safety devices in accordance with the requirements or this 
section of the Code. 

(b) In the absence of definite rules in this section on the 
construction of unfired pressure vessels, the specific provisions 
of Section I of the Code may be used wherever they apply, and 
the vessel may then be stamped as conforming with the Code. 

(c) This section of the Code does not cover all types of 
vessels. The Code symbol shall not be applied to any vessel 
the material for the pressure parts of which does not all 
comply with the Code rules or the type of construction is not 
sanctioned by the rules. 

(d) A vessel may be designed and constructed by a combi- 
nation of the types of construction given in the Code provided 
that the rules applying to each type of construction are fol- 
lowed and the vessel is stamped as may be required by the Code 
to indicate the most restrictive construction requirements that 
have been used in its fabrication. 

Such a vessel should be limited to the service permitted by 
that detail of construction having most restrictive requirements. 

U-2 (a) All pressure vessels shall be protected by such 
safety and relief valves, and indicating and controlling devices, 
"as will insure their safe operation. These devices shall be so 
constructed, located, and installed that they cannot readily be 
rendered inoperative. The relieving capacity of safety valves 
shall be such as to prevent a rise of pressure in the vessel of 
more than 10 per cent above the maximum allowable working 
pressure and their discharges shall be carried to a safe place. 

(b) Safety valves shall be connected to a vessel in the vapor 
space above any contained liquid. Additional liquid relief 
valves may be connected below the normal liquid level if a 
vessel is to contain licjuid, and such relief valves may be set 
higher than the maximum allowable working pressure (See 
Par. U-19). 

(c) An unfired pressure vessel which generates steam for 
power or heat to be used externally to itself shall be classed as 
an unfired steam boiler. Such vessels may be constructed 
under the appropriate classification of this section of the Code 
and shall be equipped with the safety devices required by 
Section I of the Code in so far as they are applicable to the 
service of the particular installation. 

(d) The dial of a pressure gage shall be graduated to ap- 
proximately double the' pressure at which the relieving device 



SAFETY VALVES U-3-6 

is set to function but in no case less than iy 2 times that pres- 
sure. 



SAFETY VALVES FOR STEAM AND AIR 

U-3 (a) Safety valves for use on steam or air shall be of 
the direct spring-loaded type with a substantial lifting device 
so that the disk can be lifted from its seat when the pressure of 
the vessel is 75 per cent of that at which the safety valve is set 
to blow. Seats or disks of cast iron shall not be used. 

(b) Each safety valve for use on steam or air, V2 in. in size 
and larger, shall be plainly marked by the manufacturer in such 
a way that the marking will not be obliterated in service. The 
marking may be stamped or cast on the casing, or stamped or 
cast on a plate or plates securely fastened to the casing, and 
shall contain the following data: 

(1) Name or identifying trademark of the manufacturer 

(2) -Size in. 

(Pipe size of valve inlet) 

(3) Pressure lb 

(Pressure at which valve is set to blow) 

(4) Relieving capacity lb per hr for steam, and cubic 

feet per minute for air (valves for use on air tanks). 
Note: For other substances than steam or air, the relieving capaci- 
ties need not be stated. 

U-4 The pressure at which a safety valve is set to operate 
shall not be in excess of the maximum allowable working pres- 
sure stamped on the vessel. 

U-5 If more than one safety valve is used, the discharge 
capacity shall be taken as the combined capacity of all valves. 

U-6 (a) For vessels in which the pressure is not gener- 
ated but is derived from an outside source, each safety valve- 
shall be so connected to the vessel, vessels, or system which it 
protects as to prevent a rise in pressure, while the safety 
valves are blowing, of more than 10 per cent above the maxi- 
mum allowable working pressure (See Par. U-2) in any vessel 
protected by the safety valve. 

(b) For vessels in which pressure may be generated, the 
safety valve or valves must be connected directly to the vessel 
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U-7-11 SECTION VIII UNFIRED PRESSURE VESSELS 

which is to be protected or to a pipe line leading to the vessel; 
the internal cross-sectional area of the pipe line shall be not 
less than the nominal area of the safety valve or valves used, 
and without any intervening valve between the vessel and the 
safety valve or valves protecting it. All vessels, the contents 
of which are likely to cause interference with the operation 
of a safety valve if attached directly to the vessel, shall have 
the safety valve or valves connected in such manner as to 
avoid such interference. When an escape pipe is used, it shall 
be full-sized and fitted with an open drain to prevent liquid 
from lodging in the upper part of the safety valve, and no 
valve of any description shall be placed on the escape pipe 
between the safety valve and the atmosphere. When an 
elbow is placed on an escape pipe, it shall be located close to 
the safety-valve outlet, or the escape pipe shall be securely 
anchored and supported. When two or more safety" valves 
are placed on one connection, this connection shall have a 
cross-sectional area at least equal to the combined area of these 
safety valves. 

IT-7 Every safety valve which is exposed to a temperature 
of 32 F, or less, shall have a drain at least 8 /s in. in diameter 
at the lowest point where water can collect, except that safety 
valves 8 /* in. in size and less may have drain holes as large as 
possible but not less than 3 /ie in. in diameter. 

U-8 Safety-valve springs shall not be adjusted to carry 
more than 10 per cent greater pressure than that for which the 
springs were made. 

(Par, U-p has been omitted) 

U-10 Safety valves for compressed-air tanks shall not 
exceed 3 in. in diameter and shall be proportioned for the 
maximum number of cubic feet of free air that can be supplied 
per minute. 

CORROSIVE SUBSTANCES 

U-ll (a) All pressure vessels which are to contain sub- 
stances having a corrosive action upon the metal of which the 
vessel is constructed, or those subjected to erosion or mechani- 
cal abrasion, shall be designed for the pressure they are to 
carry, and the thickness of all parts subject to corrosion, 
erosion, or abrasion should be increased by a uniform amount 
to safeguard against early rejection. 

(b) Where a vessel goes into corrosive service without pre- . 
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MATERIALS U- 12-13 

vious service experience, it is recommended that service in- 
spections be made at frequent intervals until the nature and 
rate of corrosion in service can be definitely established. The 
data thus secured should determine the subsequent intervals 
between service inspections and the probable safe operating 
life of the vessel. 



MATERIALS 

U-12 (a) All materials used in the construction of unfired 
pressure vessels for which specifications are given in Section II 
of the Code shall conform to such requirements, except that 
cast, forged, or rolled parts of small size for which it is difficult 
or impossible to obtain identified material, or which may be 
stocked and for which mill test reports or certificates cannot 
be economically obtained and are not customarily furnished, 
may be used for relatively unimportant parts or parts stressed 
to not more than 50 per cent of the stresses permitted by the 
Code, which do not appreciably affect the safety of the vessel, 
provided they are suitable for the purpose intended and meet 
the approval of the inspector, 

(b) If, in the development of the art of pressure-vessel 
construction, it is desired to use materials other than those 
herein described, data should be submitted to the Boiler Code 
Committee in accordance with Pars. UA-71 to UA-81. 

U-13 (a) Plates for any part of a riveted vessel required 
to resist stress produced by internal pressure shall be of flange 
or firebox quality steel conforming with one of the following 
specifications, except as provided in (c): 

SA-30 Specifications for Boiler and Firebox Steel for Locomotives 

SA-70 Specifications for Carbon-Steel Plates for Stationary Boilers and Other 

Pressure Vessels 
SA-89 Specifications for Steel Plates of Flange and Firebox Qualities for Forge 

Welding 
SA-129 Specifications for Open-Hearth Iron Plates of Flange Quality 
SA-201 Specifications for Carbon-Silicon-Steel Plates of Ordinary Tensile 

Ranges for Fusion-Welded Boilers and Other Pressure Vessels 
SA-202 Specifications for Chrome-Manganese-Silicon (CMS) Alloy-steel Plates 

for Boilers and Other Pressure Vessels 
SA-203 Specifications for Low-Carbon-Nickel-Steel Plates for Boilers and 

Other Pressure Vessels 
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IT-13 SECTION VIII UNFIRED PRESSURE VESSELS 

SA-204 Specifications for Molybdenum-Steel Plates for Boilers and Other 

Pressure Vessels 
SA-212 Specifications for High-Tensile Strength Carbon-Silicon-Steel Plates 

for^ Boilers and Other Pressure Vessels (Plates 4y 2 In. and Under in 

Thickness) 
SA-225 Specifications for Manganese-Vanadium Steel Plates for Boilers and 

Other Pressure Vessels 

(b) = If desired, both flange and firebox steel of lower tensile 
strength than specified may be used for an entire vessel or 
part thereof, the desired tensile limits to be specified with a 
range of 10,000 psi. All such steel shall conform to Specifica- 
tion SA-70 except for the tensile limits. 

(c) Steel plates for any part of a pressure vessel which is to 
be constructed with other than riveted joints shall be of the 
quality specified for the particular kind of joint used, except 
that when steel conforming to Specification SA-212 is employed 
for the construction of unstress-relieved vessels under the re- 
quirements of Par. U-69: 

(1) It shall be of firebox quality; 

(2) The maximum thickness of the shell plate or of a 
multipiece head shall not exceed 1 in.; 

(3) The thickness of a head formed from a single plate 
shall not exceed 1 in. at the circumferential joint; 

(4) The carbon content from check analyses taken from 
the two tension-test specimens shall not exceed 0.31 per cent. 
These requirements do not apply when the vessel is to be 

stress-relieved, except that in any case the requirements of 
Par. U-76(b) shall be met. 

Vessels made under the requirements of Pars. U-69 or U-70 
from material conforming to Specifications SA-202 Grade A, 
SA-203, SA-204, or SA-225, shall be stress-relieved for all 
thicknesses. 

(d) Cast steel may be used for specially shaped parts of 
vessels to which the use of rolled plates is not adapted. 

(e) Ferrous tubes conforming with any one of the following 
specifications may be used in unfired pressure vessels: 

SA-83 Specifications for Lap-Welded and Seamless Steel and Lap-Welded 

Iron Boiler Tubes 
SA-178 Specifications for Electric-Resistance Welded Steel and Open-Hearth 

Iron Boiler Tubes 
SA-192 Specifications for Seamless Steel Boiler Tubes for High-Pressure 

Service 
SA-209 Specifications for Seamless Carbon-Molybdenum Alloy-Steel Boiler 

and Superheater Tubes 
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SA-210 Specifications for Medium-Carbon Seamless Steel Boiler and Super- 
heater Tubes 

SA-214 Specifications for Electric-Resistance-Welded Steel Heat-Exchanger 
and Condenser Tubes 

SA-226 Specifications for Electric-Resistance-Welded Steel Boiler and Super- 
heater Tubes for High-Pressure Service 

SA-249 Specifications for Atomic-Hydrogen-Arc-Welded and Electric-Resist- 
ance-Welded Alloy-Steel Boiler and Superheater Tubes 

SA-250 Specifications for Electric-Resistance-Welded Carbon Molybdenum 
Alloy-Steel Boiler and Superheater Tubes 

(f) Open-hearth steel pipe or steel tubing in accordance with 
one of the following specifications may be used for the pressure 
part of anunfired pressure vessel provided the nominal diame- 
ter of the welded pipe or tubing is not greater than 18 in., or 
seamless tube or pipe not greater than 24 in.: 
SA-53 Specifications for Welded and Seamless Steel Pipe 
SA-72 Specifications for Welded Wrought-Iron Pipe 
SA-83 Specifications for Lap-Welded Seamless and Lap-Welded Iron Boiler 

Tubes 
SA-106 Specifications for Lap-Welded and Seamless Steel Pipe for High- 
Temperature Service 
SA-135 Specifications for Electric-Resistance- Welded Steel Pipe 
SA-178 Specifications for Electric-Resistance- Welded Steel and Open-Hearth 

Iron Boiler Tubes 
SA-192 Specifications for Seamless Steel Boiler Tubes for High-Pressure 

Service 
SA-206 Specifications for Seamless Carbon Molybdenum Alloy-Steel Pipe for 

Service at Temperatures from 750 to 1000 F 
SA-209 Specifications for Seamless Carbon-Molybdenum Alloy-Steel Boiler 

and Superheater Tubes 
SA-210 Specifications for Medium-Carbon Seamless Steel Boiler and Super- 
heater Tubes 
SA-214 Specifications for Electric-Resistance-Welded Steel Heat-Exchanger 

and Condenser Tubes 
SA-226 Specifications for Electric-Resistance- Welded Steel Boiler and Super- 
heater Tubes for High-Pressure Service 
SA-249 Specifications for Atomic-Hydrogen-Arc-Welded and Electric-Resist- 
ance-Welded Alloy-Steel Boiler and Superheater Tubes 
SA-250 Specifications for Electric-Resistance-Welded Carbon-Molybdenum 
Alloy-Steel Boiler and Superheater Tubes 

(g). Nonferrous tubes conforming with Specification SB-Ill 
for Copper and Copper-Alloy Seamless Condenser Tubes and 
Ferrule Stock may be expanded or threaded into unfired pressure 
vessels. 

(h) Unfired pressure vessels may be constructed wholly or 
in part of cast iron which meets the requirements of Specifica- 
tion SA-48 under the following conditions: 

(1) Such vessels must not be used as containers of 
lethal liquids or gases; 
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U-13 SECTION VIII UNFIRED PRESSURE VESSELS 

(2) The pressure shall not exceed 160 psi, or the tem- 
perature shall not exceed 450 F for steam or other gases, 
or 375 F for liquids except that: 

(a) Such vessels constructed wholly or in part of cast 
iron and used for the circulation or storage of liquids at a 
temperature not to exceed 120 F may be used for pressures 
not exceeding 200 psi; 

(b) Cast iron pipe fittings conforming to the require- 
ments of the several American Standards,for cast iron fit- 
tings may be used as a whole or a part of such pressure 
vessels for temperatures not exceeding 450 F and for pres- 
sures not exceeding the American Standard ratings. 

(3) Working stresses for the several classes of cast iron 
as given below shall be used in applying those formulas of 
the Code that are applicable to the design of cast iron parts: 





Maximum 


Maximum 


Maximum 


Class 


Tension 


Bending 


Compression 


20 


2000 


3000 


4000 


25 


2500 


3750 


5000 


30 


3000 


4500 


6000 


3S 


3500 


5250 


7000 


40 


4000 


6000 


8000 ' 



(4) Ample fillets at all corners shall be provided and 
abrupt changes in shape and thickness shall be avoided. 

(5) Such cast iron pressure vessels for use under condi- 
tions in 2(a) shall be subjected to a minimum hydrostatic 
test pressure of IV2 times the maximum allowable working 
pressure. 

(6) All other such cast iron pressure vessels or cast iron 
parts shall be hydrostatically tested to 2 times the maximum 
allowable working pressure, except that for working pres- 
sures less than 30 lb the test pressure shall be 2 l / 2 times the 
working pressure but not to exceed 60 psi. 

(7) Screwed fittings of cast iron or malleable iron and 
conforming to the requirements of the Standards for 125, 150, 
250, and 300 lb pressure as referred to in Table UA-6 may be 
used except where otherwise specifically prohibited or where 
flanged fittings are specifically required. They shall not 
be used for temperatures over 450 F. 

(i) Bolted flanged connections of cast iron for connection 
to external piping shall conform where possible to the several 
American Standards for cast iron flanges given in Tables 
UA~3 and UA-4. 
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TABLE U-2 MAXIMUM ALLOWABLE WORKING STRESSES FOR FERROUS MATERIALS IN POUNDS PER SQUARE INCH 



Specification number 
Plate Steels 
Carbon Steel 

SA-30 

SA-30 



Grade 



Spec. 

minimum 

tensile 



Notes 
and 
limita- 
tions 



For metal temperatures not exceeding deg F 



-20 to 

650 



700 



750 



800 



850 



900 



950 1000 1050 1100 1150 1200 



(13) 
(13) 



(2) 
(2) 



(3) 
(3) 



(3) 



(3) 



(7) 
(2) 



(2) 



(2) 

(14) 



Flange 
Firebox 
Grade A 

SA-30 Firebox 

Grade B 

SA-70 . . 55000 (1) 

SA-89 A 45000 (1) 

SA-89 B 50000 (1) 

SA-201 A 

SA-201 B 

SA-212 A 

SA-212 B 

Low-Alloy Steels 

SA-202 A 

SA-202 B 

SA-203 A 

SA-203 B 

SA-203 C 

SA-204 A 

SA-204 B 

SA-204 C 

SA-225 A 

SA-225 B 

Medium and High Alloy Steels 

SA-176* 1 

SA-176 2 

SA-240 304 

SA-240 316 

SA-240 321 

SA-240 347 

Pipe and Tubes 
Seamless Carbon Steel 

SA-53 A 

SA-53 A 

SA-53 B 

SA-53 B 

SA-83 A 

vSA-83 A 

SA-83 B 

SA-106 A 

SA-106 A 

SA-106 B 

SA-192 A 

SA-210 

Seamless Alloy Steel 

SA-158.... P3a 

SA-158 P3b 

SA-158 P5a 

SA-158 P5c 

SA-158 P8a 

SA-158 P8b 

SA-158 Pll 

SA-206 PI 

SA-209 Tl 

SA-209 Tla 

SA-209 Tib 

SA-213 T3 

SA-213 T5 

SA-213 Til 

SA-213 T12 

SA-213 T14 

SA-213 T16 

SA-213 T8 

SA-213 T18 

SA-213 T19 

SA-213 T20 

SA-213 T17 

SA-213 . .. T21 

SA-213 T22 

Electric-Resistance- Welded Carbon-Steel 

SA-135 A 

SA-135 A 

SA-135 B 

SA-135 B 

SA-178 A 

SA-178 A 

SA-178 B 

SA-178 C 

SA-178 C 

SA-214 

SA-220 

SA-226 

Electric-Resistance- Welded Alloy Steel 

SA-249 T8 

SA-249 T18 

SA-249 T19 

SA-249 T20 

SA-249 T24 

SA-250 Tl 

SA-250 Tla 

SA-250 Tib 

Lap-Welded 

SA-53 Steel 

SA-72 Wrought iron 

SA-83 Steel 

SA-83 Wrought iron 

SA-106 

Butt-Welded 

SA-53 Steel 

SA-72 Wrought iron 

Fusion- Welded 

SA-70 

SA-89 B 

SA-89 A 

Forcings 

Carbon Steels 

S-4 1 

S-4 2 

S-4 3 

SA-18 .' . .' .'.'.'.'. '. '.'/. '. '. A-Untreated 

SA-18. B-Untreated 

SA-18 C-Annealed 

SA-105 1 

SA-105 2 

SA-105 1 

SA-105 2 

SA-181 1 

SA-181 2 

SA-181 1 

SA-181 2 

Alloy Steels 

SA-182 Fl 

SA-182 F3 

SA-182 F4 

SA-182 F5 

SA-182 F6 

SA-182 F7 

SA-182 F8 

SA-182 Fll 

Castings 

Carbon Steels 

SA-27 B & B2 

vSA-95 

SA-216 WCA 

SA-216 WCB 

Alloy steels 

SA-157 CI 

SA-157... C3 

SA-157 C4 

SA-157 C5 

SA-157 C6 

SA-157 C9 

SA-157 Cll 

SA-157 C12 

SA-217 WC1 

SA-217 WC1A 

SA-217 WC2 

SA-217 WC4 

Bolting 
Carbon Steels 

SA-7 

SA-261 

Alloy Steels 

SA-96 A 

SA-96 B 

SA-96 C 

A.S.T.M. A193-40T* B4 

A.S.T.M. A193-40T* B5 

A.S.T.M. A193-40T* B6 

A.S.T.M. A193-40T* B7 

A.S.T.M. A193-40T* B7a 

A.S.T.M. A193-40T* B8 

A.S.T.M. A193-40T* Bll 

A.S.T.M. A193-40T* B13 

A.S.T.M. A193-40T* B14 

A.S.T.M. A193-40T* B15 
Notes: 

(1) Flange quality not permitted above 850 P. 

(2) No allowance has been made for corrosive action in the allowable stresses given 
peratures above 750 F, 



55000 

52000 

48000 
55000 
45000 
50000 
55000 
60000 
65000 
70000 

75000 
85000 
65000 
70000 
75000 
65000 
70000 
75000 
70000 
75000 

70000 
70000 
75000 
75000 
75000 
75000 



48000 
48000 
60000 
60000 



48000 
48000 
60000 

66666 

60000 
60000 
60000 
60000 
75000 
75000 
60000 
55000 
55000 
60000 
53000 
60000 
60000 
60000 
60000 
60000 
60000 
75000 
75000 
75000 
75000 
60000 
60000 
60000 

48000 
48000 
60000 
60000 



60000 
60000 
None 
None 
None 

75000 
75000 
75000 
75000 
75000 
55000 
60000 
53000 

45000 
40000 



45000 

45000 
40000 

55000 
50000 
45000 



60000 
70000 
75000 
47000 
60000 
60000 
60000 
70000 
60000 
70000 
60000 
70000 
60000 
70000 

70000 
70000 
90000 
90000 
85000 

100000 
75000 

100000 



11000 10400 9500 8000 6300 

10400 9850 9000 7700 6100 4400 2600 1350 



(3). (4) 

(4) 
(3), (4) 

(4) 
(3), (4) 

(4) 

(4) 
(3), (4) 

(4) 

(4) 
(3), (4) 

(4) 

(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 

(4) 
(4) 
(4) 

(4) 
(4) 

(4) 
(4) 

(1), (4), (5) 
(1), (4), (5) 
(1), (4), (5) 



9600 
11000 

9000 
10000 
11000 
12000 
13000 
14000 

15000 
15000 
13000 
14000 
15000 
13000 
14000 
15000 
14000 
15000 

14000 
14000 
15000 
15000 
15000 
15000 



9600 
9600 

12000 

12000 
9400 
9400 
8000 
9600 
9600 

12000 
9400 

12000 

12000 
12000 
12000 
11000 
15000 
15000 
12000 
11000 
11000 
12000 
10600 
12000 
12000 
12000 
12000 
12000 
11000 
15000 
15000 
15000 
15000 
12000 
12000 
12000 

9600 
9600 
12000 
12000 
9400 
9400 
8000 
12000 
12000 
9400 
9400 
9400 

15000 
15000 
15000 
15000 
15000 
11000 
12000 
10600 

9000 
8000 
9000 
8000 
9000 

9000 
8000 

11000 

10000 

9000 



(3) 
(3) 



(3) 
(3) 



(7) 



(2) 



12000 
14000 
15000 
9400 
12000 
12000 
12000 
14000 
12000 
14000 
12000 
14000 
12000 
14000 

14000 
14000 
15000 
15000 
15000 
15000 
1 5000 
15000 



9100 
10400 
8800 
9600 
10400 
11400 
12300 
13300 

14100 
14100 
12300 
13300 
14100 
13000 
14000 
15000 
14000 
15000 

14000 
14000 
15000 
15000 
15000 
15000 



9250 
9100 

11400 

11400 
9000 
9000 
7650 
9250 
9100 

11400 
9000 

11400 

12000 
12000 
12000 
11000 
15000 
15000 
12000 
11000 
11000 
12000 
10600 
12000 
12000 
12000 
12000 
12000 
11000 
15000 
15000 
15000 
15000 

12000 
12000 

9250 

9100 

1 1400 

11400 

9000 

9000 

7650 

1 1400 

11400 

9000 

9000 

9000 

15000 
15000 
15000 
15000 
15000 
11000 
12000 
10600 

8500 
7650 
8500 
7650 
8500 

8500 
7650 

10400 
9600 
8800 



11400 
13300 
14100 
9100 
11400 
11400 
11400 
13300 
11400 
13300 
11400 
13300 
11400 
13300 

14000 
14000 
15000 
15000 
14000 
15000 
15000 
15000 



8250 
9500 
8400 
9000 
9500 
10400 
11100 
11900 

12400 
12400 
11100 
11900 
12400 
13000 
14000 
15000 
14000 
15000 

14000 
14000 
14600 
14600 
14600 
14600 



8700 
8250 

10400 
9950 
8600 
8150 
6900 
8700 
8250 

10400 
8600 

10400 

12000 
12000 
12000 
11000 
14600 
14600 
12000 
11000 
11000 
12000 
10600 
12000 
12000 
12000 
12000 
12000 
11000 
14600 
14600 
14600 
14600 

12660 
12000 

8700 
8250 

10400 
9950 
8600 
8150 
6900 

10400 
9950 
8150 
8600 
8150 

14600 
14600 
14600 
14600 
14600 
11000 
12000 
10600 

7800 
6900 
7800 
6900 
7800 

7800 
6900 

9500 
9000 
8400 



10400 
11900 
12400 
8600 
10400 
10400 
10400 
11900 
10400 
11900 
10400 
11900 
10400 
11900 

14000 
14000 
15000 
15000 
13000 
15000 
14600 
15000 



7250 
8000 
6900 
7500 
8500 
9100 
9400 
10000 

10100 
10100 
9400 
10000 
10100 
12500 
13500 
14400 



12800 
12800 
14300 
14300 
14300 
14300 



8000 
7250 
9100 
8300 
7900 
7150 

8000 
7250 
9100 
7900 
9100 

11800 
11800 
11800 
11000 
14300 
14300 
11800 
10750 
10750 
11500 
10400 
11800 
11800 
11800 
11800 
11800 
11000 
14300 
14300 
14300 
14300 

U800 
11800 

8000 
7250 
9100 
8300 
7900 
7150 

6i6o 

8300 
7150 
7900 
7150 

14300 
14300 
14300 
14300 
14300 
10750 
11500 
10400 



5850 
6300 
5700 
6000 
7200 
7400 
7600 
7800 

7800 

7800 

7600 

7800 

7800 

11500 

12000 

12700 



9500 
9500 
14000 
14000 
14000 
14000 



6850 
5850 
7400 
6350 
6800 
5850 

6850 
5850 
7400 
6800 
7400 

11200 
11200 

11200 
10850 
14000 
14000 
11200 
10500 
10500 
11000 
10200 
11200 
11200 
11200 
11200 
11200 
10850 
14000 
14000 
14000 
14000 

li200 
11200 

6850 
5850 
7400 
6350 
6800 
5850 

7400 
6350 
5850 
6800 
5850 

14000 
14000 
14000 
14000 
14000 
10500 
11000 
10200 



4400 
4400 
4400 
4400 
5600 
5600 
5600 
5600 

5600 

5600 

5600 

5600 

5600 

10000 

10200 

10400 



6750 
6750 
13400 
13400 
13400 
13400 



5600 
4400 
5600 
4400 
5600 
4400 

5600 
4400 
5600 
5600 
5600 

10000 
10000 
10000 
10000 
13400 
13400 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
13400 
13400 
13400 
13400 

16660 
10000 

5600 
4400 
5600 
4400 
5600 
4400 

5600 
4400 
4400 
5600 
4400 

13400 
13400 
13400 
13400 
13400 
10000 
10000 
10000 



2600 
2600 
2600 
2600 
3800 
3800 
3800 
3800 

3800 
3800 
3800 
3800 
3800 
8000 
8000 
8000 



4000 
4000 
12300 
12600 
12300 
12300 



3800 
2600 
3800 
2600 
3800 
2600 

3800 
2600 
3800 
3800 
3800 

8000 

8000 

8000 

8000 

12300 

12300 

8000 

8000 

8000 

8000 

8000 

8000 

8000 

8000 

8000 

8000 

8000 

12300 

12300 

12300 

12600 

8250 
8250 

3800 
2600 
3800 
2600 
3800 
2600 

3800 
2600 
2600 
3800 
2600 

12300 

12300 

12300 

12600 

12600 

8000 

8000 

8000 



1350 
1350 
1350 
1350 
2000 
2000 
2000 
2000 

2000 
2000 
2000 
2000 
2000 
5000 
5000 
5000 



2400 
2400 
10000 
11200 
10000 
10000 



2000 
1350 
2000 
1350 
2000 
1350 

2000 
1350 
2000 
2000 
2000 

5850 

5850 

5850 

5850 

10000 

10000 

5850 

5000 

5000 

5000 

5000 

5850 

5850 

5850 

5850 

5850 

5850 

10000 

10000 

10000 

11200 

6250 
6250 

2000 
1350 
2000 
1350 
2000 
1350 

2660 
1350 
1350 
2000 
1350 

10000 

10000 

10000 

11200 

11200 

5000 

5000 

5000 



8000 
9000 
8000 
8000 



6000 4600 3600 

7000 5000 3600 

6000 4600 3600 

6000 4600 3600 



3850 
3850 
3850 
3850 
8000 
8000 
3850 



2200 

2200 

2200 

2200 

6000 4600 3600 

6000 4600 3600 

2200 



3850 2200 

3850 2200 

3850 2200 

3850 2200 

3850 2200 

3850 2200 

8000 6000 4600 3600 

8000 6000 4600 3600 

8000 6000 4600 3600 

9000 7000 5000 3600 



4800 
4800 



3700 
3700 



2700 
2700 



1950 
1950 



8000 
8000 
8000 
9000 
9000 



6000 4600 3600 

6000 4600 3600 

6000 4600 3600 

7000 5000 3600 

7000 5000 3600 



8000 
7500 
6900 



9100 

10000 

10100 

7150 

8300 

8300 

8300 

8950 

9100 

10000 

8300 

8950 

9100 

10000 

13500 
14000 
14000 
14000 
11500 
14400 
14300 
14400 



6300 
6000 
5700 



7400 
7800 
7800 
5850 
6350 
6350 
6350 
6450 
7400 
7800 
6350 
6450 
7400 
7800 

12000 
13400 
12500 
13400 
9500 
12700 
14000 
12700 



4400 
4400 
4400 



5600 
5600 
5600 
4400 
4400 
4400 
4400 
4400 
5600 
5600 
4400 
4400 
5600 
5600 

10200 

11000 
10200 
1 1000 
6750 
10400 
13400 
10400 



2600 
2600 
2600 



3800 
3800 
3800 
2600 
2600 
2600 
2600 
2600 
3800 
3800 
2600 
2600 
3800 
3800 

8000 
8250 
8000 
8250 
4000 
8000 
12300 
8000 



1350 
1350 
1350 



2000 
2000 
2000 
1350 
1350 
1350 
1350 
1350 
2000 
2000 
1350 
1350 
2000 
2000 

5000 
5850 
5000 
5850 
2400 
5000 
10000 
5000 



3850 2200 
3850 2200 



8000 6000 4600 3600 



70000 


(6), (8) 


14000 


13300 


11900 


8950 


6450 


4400 


2600 


1350 








70000 


(8) 


14000 


13300 


11900 


10000 


7800 


5600 












60000 


(3), (8) 
(3), (8) 


12000 


11400 


10400 


9100 


7400 


5600 


3800 


2000 








70000 


14000 


13300 


11900 


10000 


7800 


5600 


3800 


2000 








70000 


(8) 


14000 


14000 


14000 


13500 


12000 


10200 


8000 


5000 








90000 


(8) 


15000 


15000 


15000 


14000 


13400 


11000 


8250 


5850 


3850 


2200 . 




100000 


(8) 


15000 


15000 


15000 


14000 


12500 


10200 


8000 


5000 








100000 


(7), (8) 


15000 


15000 


15000 


14000 


13400 


11000 


8250 


5850 


3850 


2200 




85000 


(8) 


15000 


14000 


13000 


11500 


9500 


6750 


4000 


2400 








70000 


(2), (8> 


14000 


14000 


14000 


13900 


13700 


13200 


12300 


10000 


8000 


6000 4600 


100000 


(7), (8) 


15000 


15000 


15000 


14400 


12700 


10400 


8000 


5000 








90000 


(8) 


15000 


15000 


15000 


14000 


13400 


11000 


8250 


5850 


3850 


2200 




70000 


(8), (9) 


14000 


14000 


14000 


13500 


12000 


10200 


8000 


5000 








70000 


(8) 


14000 


13650 


12950 


12000 


9900 


7800 


5900 


3500 








65000 


(8), (9) 


13000 


13000 


13000 


12500 


11500 


10000 


8000 


5000 








80000 


(8), (9) 


15000 


15000 


15000 


14000 


12500 


10200 


8000 


5000 









55000 


(10) 






















100000 


(ID 

(11) 
(11) 
(11), 
(11) 


(12) 

(12) 
(12) 
(12) 


13000 

13000 
15000 
16000 


11950 

11950 
13750 
14700 


10000 

10900 
12500 
13400 


8000 


5500 














(12) 


16000 


16000 


16000 


16000 


13000 


10000 










(7) 


(ID, 


(12) 


16000 


16000 


16000 


16000 


13800 


11000 


8250 


5850 


3850 


2200 




(11) 


(12) 


16000 


14700 


13400 


11500 


9500 


6750 












(11) 


(12) 


16000 


16000 


16000 


16000 


13000 


10000 












(11), 


12 


16000 


16000 


16000 


16000 


13800 


11000 


8250 


5850 


3850 


2200 




(2), 


(11) 


15000 


15000 


14600 


14300 


14000 


13400 


12300 


10000 


8000 


6000 




(ID, 


(12) 


16000 


16000 


16000 


16000 


13800 


11000 


8250 


5850 


3850 


2200 




(ID 


(12) 


16000 


16000 


16000 


16000 


13800 


11000 


8250 


5850 


3850 


2200 




(11), 


(12) 


16000 


1 6000 


16000 


16000 


15000 


13300 


11400 


8800 


5000 


2200 




(11), 


(12) 


16000 


16000 


16000 


16000 


13800 


11000 


8250 


5850 


3850 


2200 



4600 3600 



Carbide precipitation in service is also to be expected at ten 



(3) These stresses permitted only if 0.10 per cent minimum silicon is expressly specified. 

(4) These are base stresses for the material; these stresses are modified in Table U-4 to take care of the type of longitudinal joint. 

(5) F'usion welded in accordance with Pars. U-67 to U-79, inclusive. 

(6) Sections over 2 in. thick not permitted for pressure parts. 

(7) These stresses permitted only with molybdenum. 

(8) To these stresses, a casting quality factor of 70 per cent shall be applied. Consideration is being given to rules for inspection and radiographing 
castings with the view of establishing other quality factors in proportion to the degree of inspection. 

(9) These stresses apply to normalized material only. 

(10) Not permitted above 450 F"; allowable stress 5500 psi. 

(11) These stresses are established from a consideration of strength only and will be satisfactory for average service. For bolted joints where freedom 
from leakage over a long period of time without retightening is required, lower stresses may be necessary as determined from the relative flexibility of the 
flange and bolts and corresponding relaxation properties. 

(12) Between temperatures of —20 to 400 F, stresses equal to the lower of the following will be permitted: 16 per cent of tensile strength; 20 per cent 
of yield point stress. 

(13) Between temperatures of 750 to 1000 F, the stresses given herein for killed carbon steel, Specification SA-212 Grade B, may be used until high tem- 
perature test data become available. 

(14) Between temperatures of 650 to 1000 F, inclusive, the stresses given herein for killed carbon steel, Specification SA-201 Grade B, may be used until 
high temperature test data become available. 

General: 

Carbon steel materials covered by Code specifications which are not included in these tables are limited to use at temperatures of from —20 to 650 F. 

The allowable stress in wrought materials is one fifth of the ultimate; in cast materials, it is one fifth of the ultimate multiplied by the applicable quality 
factor for design purposes. 

* While these specifications have not been approved by the Boiler Code Committee for incorporation in the Code, the stresses given herein have been in- 
cluded to cover foreseen requests for such data. 

Any material in this table may be used at temperatures below — 20 F provided it complies with Par. U-142. To meet these requirements special melt- 
ing practice, analyses, and treatments are generally necessary. The allowable stress shall be that given for room temperatures in the table. 



WORKING PRESSURES 



U-14-17 



(j) Nonferrous plates may be used in the construction of 
unfired pressure vessels when specifications are given in Section 
II of the Code and stresses as provided in Table U-3 are followed. 

U-14 In determining the maximum allowable working 
pressure, the maximum allowable working stress as herein 
provided shall be used in the computations. 

U-15 For resistance to crushing of steel plate, the maxi- 
mum allowable working stress shall be 19,000 psi of cross- 
sectional area. 

U-16 In computing the maximum allowable stress on 
rivets in shear, the following values in pounds per square inch 
of the cross-sectional area- of the rivet shank shall be used: 

Iron rivets in single shear 7,600 

Iron rivets in double shear 15,200 

Steel rivets in single shear 8,800 

Steel rivets in double shear 17,600 

The cross-sectional area used in the computations shall be 
that of the rivet shank after driving. 



CONSTRUCTION AND MAXIMUM ALLOWABLE 
WORKING PRESSURES 

U-17 (a) For all pressure vessels, the minimum thickness 
of shell plates, heads, or dome plates, after flanging, shall be 3 / 32 
in., except that for riveted construction the minimum thickness 
shall be 3 /ie in. Vessels which are of a size that will not hold 
their shape without additional support must be provided with 



TABLE U-l MINIMUM THICKNESS OF BUTT STRAPS 



Thickness of 


Minimum thickness 


Thickness of 


Minimum thickness 


shell plates, 


of butt straps, 


shell plates, 


of butt straps, 


in. 


m. 


in. 


in. 


Vu 


" v» 


Vi 


Vie 


%i 




"/a 

Vie 


Vie 

v« 


Vie 


V* 


»/■ 


Vi 


»/ii 


v« 


v« 


Vi 


•A 


Vie 


Vs 


6 A 


Vie 


Vie 


1 

HA 


#" 


"/» ' 


Vs 


1V« 


v. 



TABLE U-3 MAXIMUM ALLOWABLE WORKING 


STRESSES FOR NONFERROUS MATERIALS IN POUNDS PER 








SQUARE INCH 
















Material 


Spec. 

number 


For metal temperatures not exceeding deg F 


150(7) 


250 


300 


350 


400 


450 


500 


550 


600 


650 


700 


750 


Muntz metal 




SB-43 
SB-Ill 


10000 


9000 


7500 


4500 


1500 








... 


... 






Red brass 


SB-43 


7000 


6500 


5750 


5000 


3000 


1000 


800 




, . . 








High brass 


SB-43 


7000 


6500 


5750 


5000 


3000 


1000 


800 








... 




Admiralty 


/SB-43 
\SB-111 


7000 


6500 


6250 


6000 


5500 


4500 




. . . 


... 


... 




• . . 


Naval brass 


(6) 


11000 


10000 


10000 


6500 


3000 


* * . 










... 




Copper silicon alloy, 


/SB-96 
\SB-98(1) 




- 














- 








types A and C (4) 


10000 


10000 


7500 


5000 




„ . 






. .? 




... 


• . . 


Steam bronze 


SB-6K5) 


7000 


7000 


6500 


6000 


5500 


5000 


4000 


3000 


. . * 




. • • 


... 


Steam bronze 


SB-62(5) 


6000 


5500 


5000 


4500 


3500 


. . 


■ t , 


. , 




■ 


... 




Monel metal (2) 


SB-127 


14000 


14000 


14000 


14000 


14000 


14000 


14000 


14000 


14000 


14000 


14000 


14000 


Cupro nickel 70-30 


SB-111(3) 


11000 


11000 


11000 


"11000 


11000 


11000 


10000 


10000 


9000 


9000 


8000 


8000 


Cupro nickel 80-20 


SB-Ill (3) 


10000 


10000 


10000 


10000 


10000 


10000 


9000 


9000 


8000 


8000 


7000 


7000 






SB-11 


























^ Copper annealed, all 
types 




SB-13 

SB-42 


6000 


5000 


4750 


4500 


4000 


















SB-Ill 






























SB-75 


























Aluminum manganese 




























alloy, annealed 


SB-126 


2800 


2400 


2100 


1800 


1600 






... 




. . . 


. . . 




Aluminum manganese 




























alloy, quarter-hard 




























or as-rolled 


SB-126 


3500 


3000 


2700 


2400 


2200 


• • • 




• • • 


. . • 




* • . 


. . . 


Copper alloy conden- 




























ser tube plates 


SB-171 


10000 


10000 


10000 


10000 


10000 


10000 




. • • 




... 


... 


... 


Aluminum, annealed 


SB-25 


2240 


1680 


1440 


1280 


1120 


... 


... 


... 


... 




... 


... 



The stresses given in the above table may be interpolated to determine values for intermediate temperatures. 
Notes: 

(1) Types A and C only. 

(2) Applies to 70,000 lb tensile strength rolled and annealed material. 

(3) 70-30 Copper Nickel and 80-20 Copper Nickel, types A and B. 

(4) There is doubt concerning the suitability of this material when exposed to certain products and/or high temperatures, 
particularly steam above 212 F and the user should satisfy himself that it is satisfactory for the service for which it is to be used. 

(5) In the absence of evidence that the casting is of high quality throughout, values not in excess of 80 per cent of those given in 
the table shall be used. This is not intended to apply to valves and fittings made to a recognized standard. 

(6) U. S. Navy Department Specincation 46B-6-J. 

(7) The allowable stresses given may also be used for subzero temperatures. 



WORKING PRESSURES U-18-20 

stiffeners so designed as to prevent distortion due to their own 
weight and/or to influences causing stresses other than those 
due to internal pressure. 

(b) Under-Tolerance. Plate material that is not more 
than 0.01 in. thinner than that calculated from the formula 
may be used in Code constructions provided the material 
specification permits such plate to be furnished not more than 
0.01 in. thinner than ordered. 

U-18 The minimum thicknesses of butt straps for double- 
strap riveted joints shall be as given in Table U-l. Interme- 
diate values shall be determined by interpolation. For plate 
thicknesses exceeding l 1 /* in., the thickness of the butt straps 
shall be not less than two thirds of the thickness of the plate. 

U-19 (a) The maximum allowable working pressure for 
a vessel is the maximum pressure at the top of the vessel in its 
normal operating position. It is determined by employing the 
factors of safety, stresses, and dimensions designated in these 
rules. No unfired pressure vessel shall be operated at a pres- 
sure higher than the maximum allowable working pressure 
except when the safety device is blowing, at which time the 
maximum allowable working pressure shall not be exceeded 
by more than 10 per cent. 

(b) Whenever the term "maximum allowable working 
pressure" is used it refers to gage pressure or pressure above 
the atmosphere in pounds per square inch. 

(c) The Code provides the limiting stresses for use in the 
design of pressure vessels and it is necessary to take account of 
the effect of static head that may be produced in any part in 
order that such stress limits be not exceeded. 

(d) The maximum allowable working pressure for the ves- 
sel as a whole is the least of the maximum allowable working 
pressures determined by computations for the various parts. 

U-20 Shells for Internal Pressure, (a) When the thick- 
ness of the shell does not exceed one half of the inside radius, 
the maximum allowable working pressure on the cylindrical 
shell of a pressure vessel shall be determined by the strength 
of the weakest course computed from the thickness of the plate, 
the efficiency of the longitudinal joint, or of the ligament ' 
between openings (whichever is the least), the inside radius of 
the course, and the maximum allowable unit working stress. 

p _ SEt PR 

R + 0.6t ° r SE-0.6P 
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IT-20 SECTION VIII UNFIRED PRESSURE VESSELS 

where P = maximum allowable working pressure, pounds per 
square inch, 
S = maximum allowable unit working stress, pounds 

per square inch, taken from Tables U-2 and U-3, 
E = efficiency of longitudinal joints or of ligaments be- 
tween openings: 

for riveted joints = calculated riveted efficiency, 

for fusion-welded joints = efficiency specified in Pars. U-68 

and U-69. For Par. U-70 use the values of SE given in that 

paragraph, 

for seamless shells = 100 per cent (unity), 

for ligaments between openings, the efficiency shall be calcu- 

lated by the rules given in Pars. P-192 and P-193 of the 

Code. 

t ~ minimum thickness of shell plates in weakest 

course, inches, 
R = inside radius of the weakest course of the shell, 
inches. 
Welded tubing or piping enumerated in Par. U-13(f) may- 
be used for the shells of Par. U-69 or U-70 vessels, in which 
case the factor SE shall be as given in Table U-4. 

The maximum allowable working pressure for shells other 
than cylindrical or spherical, and for heads and other parts, 
shall be determined in a similar manner using the formulas 
appropriate for the parts, as otherwise given in the Code. 

(b) When the thickness of the shell exceeds one half of 
the inside radius, the maximum allowable working pressure 
on the cylindrical shell of a pressure vessel shall be determined 
by the formulas given in Par. UA-100. 

(c) When the thickness of the shell of a wholly spherical 
vessel does not exceed 20 per cent of the inside radius, the 
maximum allowable working pressure in the shell of the pres- 
sure vessel shall be computed by the formula: 

n 2tSE , PR 
P = — =-~ or t = 



R ^ 2 SE 

The symbols are as defined in (a), except that R is to be the 
inside radius of the sphere in all cases, and E the efficiency of 
any joint or of ligaments between openings. 

(d) For External Pressure. The maximum allowable 
working pressure for cylindrical vessels subjected to external 
or collapsing pressure shall be determined either by the rules in 
Pars. U-120 to U-138, or Par. U-51. 

12 



WORKING PRESSURES U-20 

(e) Tubes and Pipes Used as Tubes. The maximum 
allowable working pressure in pounds per square inch for ferrous 
and nonferrous tubes and pipes shall be determined by the 
following formulas: 

Ferrous Tubes and Pipes, Internal Pressure 

P = 2 - 3 st _ jS 

D 30 

where P = maximum allowable working pressure, pounds per 
square inch, 
/ = minimum wall thickness, inches, 1 
S = maximum allowable working stress from Table 
U-2 for seamless tubes or pipes, or Table U-4 for 
welded tubes or pipes, 
D = outside diameter of pipe, inches. 

Nonferrous Tubes and Pipes, Internal Pressure 

r " D 

where P = maximum allowable working pressure, pounds per 
square inch, 
t = minimum wall thickness, inches, 1 
S = maximum allowable working stress from Table U-3, 
D = outside diameter of pipe, inches. 

Ferrous Tubes and Pipes, External Pressure 

The maximum allowable external pressure shall be deter- 
mined from Fig. U-l, using stresses as provided in Table U-2. 

Nonferrous Tubes and Pipes, External Pressure 

The maximum allowable external pressure shall be determined 
from Fig. U-l using the stresses provided in Table U-3, 
The foregoing rules are subject to the following restrictions: 

(1) Applicable only to outside diameters of l /% in. to 6 in., 
inclusive, and for wall thicknesses not less than 0.049 in.; 

(2) Additional wall thickness should be provided when 
corrosion or wear due to cleaning operations is expected; 

1 If pipe is ordered by its nominal weight or wall thickness, as is customary in trade 
practice, the manufacturing tolerance on wall thickness must be added to the t deter- 
mined by the formula. The next heavier commercial wall thickness may then be se- 
lected from standard thickness schedules as given in ASA B36.10. The manufacturing 
tolerances are given in the several pipe specifications listed in Table U-4. 

13 



TABLE U-4 



VALUES OF FACTORS FOR FERROUS PIPE AND TUBES TO BE USED IN FORMULAS IN PAR. U-20 (a) FOR 
SHELLS AND PAR. U-20(e) FOR PIPE AND TUBES 



Spec. 
No. 



Grade 



Weld 



For temperatures not exceeding deg F 



650 



700 



750 



800 



850 



900 



950 1000 1050 1100 1150 1200 



Steel 
Steel 

Wrought iron 
Wrought iron 
Steel 
Wrought iron 

A, Silicon 0.10% 
A 

B, Silicon 0.10% 

A, Silicon 0.10% 
A 

B, Silicon 0.10% 
B 

A, Silicon 0.10% 

A 

B 

C, Silicon 0.10% 
C 

A 
PI 
Tl 
Tla 

T17 
T21 
T22 

Silicon 0.10% 

T8 

T18 

T19 

T20 

T24 

Tl 

Tla 

Tib 



Lap 
Butt 
Lap 
Butt 
Lap 
Lap 



Lap 

Resis. 

Resis. 

Resis. 

Resis. 

Resis. 

Resis. 



Resis. 
Resis. 



Resis. 
Resis. 
Resis. 
Resis. 

Resis. 



Resis. 
Resis. 
Resis. 
Resis. 
Resis. 



7300 

5400 

5600 

4800 

7300 

5600 

9600 

9600 

12000 

7300 

8150 

8150 

10200 

10200 

8000 

8000 

6800 

10200 

10200 

9400 

11000 

11000 

12000 

12000 

12000 

12000 

12000 

8000 

8000 

8000 

12750 

12750 

12750 

12750 

12750 

9350 

10200 

9000 



6800 

5100 

5300 

4600 

6800 

5300 

9250 

9100 

11400 

7000 

7850 

7750 

9700 

9700 

7650 

7650 

6500 

9700 

9700 

9000 

11000 

11000 

12000 

11400 

12000 

12000 

7650 

7650 

7650 

12750 

12750 

12750 

12750 

12750 

8350 

10200 

9000 



6250 

4700 

4800 

4150 

6250 

4800 

8700 

8250 

10400 

6650 

7400 

7000 

8850 

8450 

7300 

6950 

5850 

8850 

8450 

8600 

11000 

11000 

12000 

10400 

12000 

12000 

6950 

7300 

6950 

12400 

12400 

12400 

12400 

12400 

9350 

10200 

9000 



8000 
7250 
9100 



6800 
6150 
7750 
7050 
6700 
6100 



7750 

7050 

7900 

10750 

10750 

11500 

9100 

li800 

11800 

6100 

6700 

6100 

12150 

12150 

12150 

12150 

12150 

9150 

9800 

8850 



6850 
5850 
7400 



5600 
4400 
5600 



3800 
2600 
3800 



2000 
1350 
2000 



5800 
4950 
6300 
5400 
5800 
4950 



4750 
3750 
4750 
3750 
4750 
3750 



3250 
2200 
3250 
2200 
3250 
2200 



1700 
1150 
1700 
1150 
1700 
1150 



6300 
5400 
6800 

10500 
10500 
11000 
7400 

li200 

11200 

4950 

5800 

4950 

11900 

11900 

11900 

11900 

11900 

8950 

9350 

8650 



4750 

3750 

5600 

10000 

10000 

10000 

5600 

10000 

10000 

3750 

4750 

3750 

11400 

11400 

11400 

11400 

11400 

8500 

8500 

8500 



3250 

2200 
3800 
8000 
8000 
8000 
3800 

8250 



1700 
1150 
2000 
5000 
5000 
5000 
2000 

6250 



4800 



3700 



2700 



1950 



2200 
3250 

2200 

10450 

10450 

10450 

10700 

10700 

6800 

6800 

6800 



1150 
1700 
1150 
8500 
8500 
8500 
9500 
9500 
4250 
4250 
4250 



6800 
6800 
6800 
7650 
7650 



5100 
5100 
5100 
5950 
5950 



3900 
3900 
3900 
4250 
4250 



3050 
3050 
3050 
3050 
3050 



WORKING PRESSURES 
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(3) Where tube ends are threaded, additional wall thickness 

8 
is to be provided in the amount of - 1 - (where n equals the number 
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300 



200 
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50 
40 



30 

1000 2000 3000 4000 5000 6000 8000 10,000 15,000 20,000 

Working Stress, Pounds per Square Inch (From Table U-2.or U-3) 

Fig. U-l Chart for Determining Wall Thickness of Tubes Under External Pressure 

of threads per inch); 

(4) The requirements for rolling, expanding, or otherwise seating 
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U-21-23 SECTION VIII UNFIRED PRESSURE VESSELS 

tubes in tube plates may require heavier tube walls and 
careful choice of materials because of possible relaxation 
due to differential expansion stresses. 

(f) Fabricated Pipe Bends. Fabricated pipe bends may- 
be made by welding together beveled sections of straight pipe 
provided: 

(1) The angle between the axes of the adjoining sections 
does not exceed 30 deg; 

(k — 0.5) 

(2) The thickness is at least ,, __ '/ times the required 

thickness of the straight pipe to which the bend is joined, 
where k ~ ratio of the radius of the bend (from center of 
. curvature to center of pipe) to one half the in- 
side diameter of the pipe. 

(g) Nonferrous Plates. Maximum allowable working 
stresses for nonferrous materials conforming to specifications 
given in Section II of the Code shall not exceed the values given 
in Table U-3 for metal temperatures shown. 

(h) All valves and fittings shall be marked with the name, 
trademark, or other identification of the manufacturer, and 
the maximum allowable working pressure. Additional mark- 
ings as called for in the American Standards are recommended 
if the size and shape of the valve or fittings permit. 

(i) Bronze valves and fittings made of material complying with 
Specification SB-62 shall be limited to temperatures of 406 F. 
If made of material complying with Specification SB-61, the 
maximum allowable temperature is 550 F. Allowable work- 
ing stresses are not to exceed the values given in Table U-3. 

JOINTS 

U-21 The joints of pressure vessels, if of riveted construc- 
tion, shall conform to the requirements of Pars. U-26 to U-35. 

U-22 Pressure vessels may be fabricated by means of 
fusion welding under the rules given in Pars. U-67 to U-79, 
provided the construction is in accordance with the require- 
ments for material and design as required by this Code and 
the fusion welding process used conforms to the specifications 
for. the welding indicated for each type of vessel. 

TJ-23 Pressure vessels and pressure parts of vessels may 
be fabricated by means of electric-resistance butt welding 
when the rules given in Pars. U-110 to U-114 are followed. 

16 



RIVETED JOINTS U-24-27 

U-24 Pressure vessels may be fabricated by means of forge 
welding when the rules given in Pars. U-80 to U-90 are fol- 
lowed. 

U-25 Pressure vessels for use at any temperature not ex- 
ceeding 406 F may be fabricated by means of the brazing 
process when the rules given in Pars. U-91 to U-96 are fol- 
lowed. 



RIVETED JOINTS 

U-26 The efficiency of a joint is the ratio which the 
strength of the joint bears to the strength of a solid plate. In 
the case of a riveted joint this is determined by calculating the 
breaking strength of a unit section of the joint, considering 
each possible mode of failure separately, and dividing the low- 
est result by the breaking strength of a length of a solid plate 
equal to that of the section considered. 

U-27 (a) The distance between the center lines of any 
two adjacent rows of rivets, or the "back pitch" measured at 
right angles to the direction of the joint, shall have the follow- 
ing minimum values: 

P 

(1) If -j is 4 or less, the minimum value shall be l 8 / 4 d; 

p 

(2) If -r is over 4, the minimum value shall then be: 

a 

\ya + o.i (P--M) - 

where P — pitch of rivets in outer row when a rivet in the 
inner row comes midway between two rivets in 
the outer row, inches, 
= pitch of rivets in the outer row less pitch of rivets 
in the inner row when two rivets in the inner row 
come between two rivets in the outer row, inches, 

(It is here assumed that the joints are of the usual construction 
when the rivets are symmetrically spaced.) 

d — diameter of the rivet holes, inches. 
(b) The back pitch of rivets in circumferential joints may 
be less than that called for by the above formulas provided the 
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IX-28-31 SECTION VIII UNFIRED PRESSURE VESSELS 

ligaments between rivets in a circumferential direction, as 
well as those in a diagonal direction as determined by the 
rules in Par. P-193 of Section I of the Code, are sufficient to 
withstand the stress due to pressure, together with any stress 
due to weight components in support of the vessel structure, 
with a factor of safety of five. 

(c) The back pitch of rivets shall be measured either on the 
flat plate before rolling, or on the median line after rolling, 
and the back pitch as there measured shall govern the loca- 
tions of rivet holes in the butt straps. 

U-28 On longitudinal joints, the distance from the centers 
of rivet holes to the edges of the plates, except rivet holes in 
the ends of butt straps, shall be not less than l 1 ^ times and not 
more than l 3 /4 times the diameter of the rivet holes; this 
distance to be measured from the center of the rivet holes to 
the calking edge of the plate before calking. The correspond- 
ing distance for circumferential seams shall be not less than 
I74 times the diameter of the rivet holes. 

U-29 (a) The strength of circumferential joints of pres- 
sure vessels, the heads of which are not stayed by tubes or 
through braces, shall be at least 50 per cent of that required for 
the longitudinal joints of the same structure. 

(b) When 50 per cent or more of the load which would act 
on an unstayed solid head of the same diameter as the shell 
is, in consequence of the holding power of the tubes and stays, 
relieved by the effect of through tubes or stays, the strength 
of the circumferential joints in the shell shall be at least 35 
per cent of that required for the longitudinal joints. 

U-30 The riveted longitudinal joints of a shell which ex- 
ceeds V2 in. in thickness shall be of butt-arid-double-strap 
construction. This rule does not apply to the portion of a 
shell which is staybolted to an inner sheet. 

U-31 (a) The longitudinal joints of a shell not more than 
V2 in. in thickness, with the exception given below, may be of 
lap-riveted construction; but the maximum allowable work- 
ing pressure of such construction shall not exceed 200 psi for 
vessels less than 24 in. in diameter, nor 150 psi for vessels 24 in. 
in diameter or over. 

(b) When a vessel is used for a purpose that makes it neces- 
sary to provide in its construction for extraordinary wear, 
corrosion, or other deterioration in service and plates of greater 
thickness are used than would otherwise be required, the longi- 
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RIVETED JOINTS U-32-^33 

tudinal joints of shells exceeding l / 2 in. in thickness may be lap 
• riveted if the following conditions are met: 

(1) The operating pressure shall not exceed 50 psi; 

(2) The plate thickness shall be at least 1.8 times the 
required plate thickness; 

(3) Telltale holes may be drilled as provided for in 
Par. U-62(b). 

(c) The spherical portion of vessels of any diameter which 
are wholly spherical or partly hemispherical may be con- 
structed with lap joints provided that if the plate thickness 
■exceeds 3 /s in., the several spherical sections of plate shall be 
hot pressed to the proper radius of curvature. When the 
vessel cannot be completed in the shop, the whole structure 
shall be carefully and completely fitted up ready for riveting 
before shipment. 

XJ-32 Butt straps and the ends of shell plates forming the 
longitudinal joints shall be rolled or formed to the proper 
curvature by pressure and not by blows. 

When the butt strap of a longitudinal joint does not extend 
the full length of the shell plates, the abutting edges of the 
shell plate may be welded provided the distance from the end 
of the butt strap to the edge of the flange of the head or adjacent 
shell plate is not greater than 2 1 /* in. When so constructed the 
vessel need not be stamped with the paragraph number as 
provided in Par. U-66. 

TJ-33 (a) The longitudinal joint of a riveted dome 24 in. 
or over in inside diameter shall be of butt-and-double-strap 
construction, or the dome may be made without a seam of one 
piece of steel pressed into shape; and its flange shall be double 
riveted to the shell. In the case of a dome less than 24 in. in 
diameter, for which the product of the inside diameter 
in inches and the maximum allowable working pressure in 
pounds per square inch does not exceed 4000, its flange may 
be single riveted to the shell and the longitudinal joint may be 
of the lap type provided it is computed with a factor of safety 
of not less than 8. 

The longitudinal joint of a dome may be butt welded and 
the dome flange may be double full-fillet lap-welded to the 
pressure vessel, in place of riveting, if the welding complies 
fully with the requirements for the particular class of vessel 
to which the dome is attached. X-ray examination may be 
omitted. 
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SECTION VIII UNFIRED PRESSURE VESSELS 



(b) Domes and manhole frames attached to shells or heads 
of pressure vessels shall be designed in accordance with Par. 
U-59(g), with the additional requirement that the working stress 
in tension of rivets in manhole frames having a thickness of 
1 1% in. or less and of rivets in dome flanges shall not exceed 7200 
psi. 

U-34 Rivet and Staybolt Holes. All holes for rivets or 
staybolts in plates, butt straps, heads, braces, and lugs shall 
be drilled; or they may be punched at least 1 / 8 in. less than 
full diameter for material not over 6 /is in. in thickness and at 
least y* in. less than full diameter for material over 5 /w in. 



^■90^, 




-1.75- 

^ — . 

Straight Base 

Button Head 




■--/.7-;~ 



■/.0--3 

Button Head 
0.50- 



0A5j 



-1.9- 

Double Radius' 
Qutton Head 



'2.0' 
■1.0 -> 

Steeple Head 



<~f.0-P 

Countersink 
Head 



< A75-V" > 



Fiat Head 



Dimensions of finished heads may be larger or Vio smaller than those shown. 
Fillets under heads may be used but are not required. 

Fio. U-2 Acceptable Forms of Rivet Heads After Driving 
(For Additional Acceptable Forms See American Standards in Fig. UA-9) 



Such holes shall not be punched in material more than 5 /s 
in. in thickness. 

For final drilling or reaming the holes to. full diameter, the 
parts shall be firmly bolted in position by tack bolts. 

The finished holes must be true, clean, and concentric. 

U-35 Rivets shall be of sufficient length to completely fill 
the rivet holes and form heads at least equal in strength to the 
bodies of the rivets. Forms of finished rivet heads that will 
be acceptable are shown in Fig. U-2. 
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DISHED HEADS U-36 

DISHED HEADS 

U-36 (a) A head may be made from a single sheet, or 
built up of several pieces joined together. The thickness of a 
blank unstayed dished head with the pressure on the concave 
side, when it is a segment of a sphere, shall be calculated by the 
following formula: 

5PL 



t = 



6SE 



where t = thickness of plate, inches, 

P = maximum allowable working pressure, pounds per 

square inch, 
L = radius to which the head is dished, measured on 

the concave side of the head, inches, 
S = maximum allowable working stress, as given in 

Tables U-2 or U-3, pounds per square inch, 
E = efficiency of weakest joint used in forming the 

head (exclusive of the joint to the shell); 

for riveted joints ^calculated riveted efficiency, 
for fusion-welded joints = efficiency specified in Pars. U-68 and 
U-69. For Par. U-70 use the values of SE given in the para- 
graph, 
for seamless heads = 100 per cent (unity). 

(b) The radius to which a head is dished shall be not 
greater than the outside diameter of the flanged portion of the 
head. Where two radii are used, the longer shall be taken as 
the value of L in the formula. 

, (c) When a head dished to a segment of a sphere has a 
flanged-in manhole or access opening that exceeds 6 in. in 
any dimension, the thickness shall be increased by not less 
than 15 per cent of the required thickness for a blank head 
computed by the above formula, but in no case less than l /% in. 
additional thickness over a blank head. Where such a dished 
head has a flanged opening supported by an attached flue, 
an increase in thickness over that for a blank head is not 
required. If more than one manhole is inserted in a head, 
the thickness of which is calculated by this rule, the minimum 
distance between the openings shall be not less than one 
fourth of the outside diameter of the head. 

In a multipiece welded head if the center of such a flanged-in 
type manhole (over 6 in. in any dimension) is not closer to a 
welded joint than a distance equal to the maximum dimension 
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of the manhole, the added thickness required shall be based on 
the required thickness for a seamless (one-piece) blank head. 
I f the distance of the manhole from a welded joint is less than 
this, or if it crosses the weld, the added thickness shall be based 
on the required thickness for a welded blank head. 

(d) Except as otherwise provided for in (c), (g), and (1), 
all openings which require reinforcement, placed in. a head 
dished to a segment of a sphere, or in an ellipsoidal head, or in 
a full-hemispherical head, including all types of manholes ex- 
cept those of the integral flanged-in type, shall be reinforced 
in accordance with the rules n Par. U-59(g). In the applica- 
tion of those rules the opening shall be treated as though it 
were in a shell: 

(1) Of the same outside diameter as the outside diameter of 
the flange of the head; 

(2) Of the same material as that in the head and for the 
same working pressure. 

The required thickness t of the shell, indicated in Fig. U-9 
and required in Par. U-59(g) for computing the amount of 
reinforcement required, shall be determined from the formula 
in Par. U-20, using E — 0.90 [this is the method specified in 
Par. U-59(g)], except that one half the computed value may 
be used for t when the opening is in a full-hemispherical head. 
The actual thickness of the head shall be taken as the value 
of m referred to in Fig. U-9 and Par. U-59(g), 

When so reinforced, the thickness of such a head may be the 
same as for a blank unstayed dished head. 

(e) Where the radius L to which the head is dished is less 
than 80 per cent of the diameter of the shell, the thickness of a 
head with a flanged-in manhole opening shall be at least that 
found by making L equal to 80 per cent of the diameter of the 
shell and with the added thickness for the manhole. This 
thickness shall be the minimum thickness of a head with a 
flanged-in manhole opening for any form of head. 

(f) No head, except a full-hemispherical head, shall be of a 
lesser thickness than that required for a seamless shell of the 
same diameter. Dished heads with a reversed flange having 
pressure on the concave side of the dish may be used only when 
the requirements of Par. U-51 are met. 

(g) A blank dished head of a semi-ellipsoidal form, in which 
half the minor axis or the depth of the head is at least equal 
to one quarter of the inside diameter of the head, shall be made 
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at least as thick as the required thickness of a seamless shell 
of the same diameter. If a flanged-in manhole which meets 
the Code requirements is placed in an ellipsoidal head, the 
thickness of the head shall be the same as for a head dished to a 
segment of a sphere with a dish radius equal to 0,8 the diame- 
ter of the shell and with the added thickness for the manhole. 

(h) Unstayed dished heads with the pressure on the convex 
side shall have a maximum allowable working pressure equal 
to 60 per cent of that for heads of the same dimensions with 
the pressure on the concave side. 

(i) Unreinforced openings in heads shall be governed by the 
following rules: 

(1) The edge of any unreinforced opening, excluding 
rivet holes, shall come no closer to the line bounding the 
spherical or ellipsoidal portion of the head around a man- 
hole than the distance equal to the thickness of the head, 
and in no case except for water-gage connections shall it 
come within the part formed by the corner radius of a 
dished head. 

(2) The maximum allowable diameter of any unreinforced 
opening in a head, except in a full-hemispherical head, shall 
not exceed that permitted by the rules in Par. U-59(a) for a 
shell: 

(a) Of the same outside diameter as the outside diame- 
ter of the flange of the head; 

(b) Of the same thickness as the actual thickness of 
the head; 

(c) Of the same material as that in the head and for 
the same working pressure; but in no case shall the 
diameter of the opening exceed 8 in. 

For unreinforced openings in full-hemispherical heads, the 
same rule shall apply, except that the value of K used in Par. 
U-59(a) and the chart in Fig. U-8 shall be one half the value 
given by the formula therein. 

(3) The minimum distance between the centers of any 
two unreinforced openings, rivet holes excepted, shall be 
determined by the following formula: 

L= J + B 



2(1 - K) 

where L — distance between the centers of the two open- 
ings measured on the surface of the head, inches, 
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A and B = diameters of the two openings, inches, 

K = same as defined in Par. U-59(a) for the equiva- 
lent shell described in (2). 

(j) When the flange of an unstayed dished head is ma- 
chined to make a close and accurate fit into or onto the shell, 
the thickness shall not be reduced to less than 90 per cent of 
that required for a blank head. 

(k) ^ The thickness of a blank unstayed full-hemispherical 
head with the pressure on the concave side shall be calculated by 
the following formula: 

/-^ 

2SE 

where t = minimum thickness of head, inches, 

P = maximum allowable working pressure, pounds per 

square inch, 
S = maximum allowable working stress, as given in 

Tables U-2 or U-3, pounds per square inch, 
L = radius to which the head is formed, measured on the 

concave side of the head, inches, 
E = efficiency of weakest joint used in forming the 
head, including the joint to the shell; 

for riveted joints » calculated riveted efficiency, 

for fusion-welded joints =» efficiency specified in Pars. U-68, 

U-69, and U-70, 

for seamless shells with integral heads » 100 per cent. 

The above formula shall not be used when the required thick- 
ness / of the head given by the formula exceeds 20 per cent of 
the inside radius. 

Joints in full-hemispherical heads, including the joint to the 
shell, shall be governed by and meet all the requirements for 
longitudinal joints in cylindrical shells, except that in a butt- 
welded joint attaching a head to a shell the middle lines of the 
plate thicknesses need not be in alignment. 

(1) If a flanged-in manhole which meets the Code require- / 
ments is placed in a full-hemispherical head, the thickness of the 
head shall be the same as for a head dished to a segment of a 
sphere [See (a)], with a dish radius equal to eight tenths the 
diameter of the shell and with the added thickness for the man- 
hole as specified in (c). 
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U-37 (a) When dished heads are of a thickness less than 
called for by Par. U-36, they shall be stayed as flat surfaces, 
no allowance being made in such staying for the holding power 
due to the spherical form unless all of the following conditions 
are met: 

(1) They be at least two thirds as thick as called for 
by the rules for unstayed dished heads; 

(2) They be at least 7 /s in. in thickness; 

(3) Through stays be used attached to the dished head 
by outside and inside nuts; 

(4) The maximum allowable working pressure shall 
not exceed that calculated by the rules for an unstayed 
dished head plus the pressure corresponding to the strength 
of the stays or braces secured by the formula for braced or 
stayed surfaces given in Par. U-40, using 70 for the value 
of C. 

(b) If a dished head is formed with a flattened spot or sur- 
face, the diameter of the flat spot shall not exceed that allowa- 
ble for flat heads as given by the formula in Par. U-39 using 
C = 0.40. 

. (c) Circular cast-iron blank spherically dished heads with 
bolting flanges (dished cover plates)-for heads concave to pres- 
sure [Fig. U-3(a)] shall be calculated by the formula: 

0.6 PL 

S 

where t = thickness of dished portion, inches, 

P = maximum allowable working pressure, pounds per 

square inch, 
L = radius to which head is dished measured on the 

concave side of the head, inches, but not to exceed 

the inside diameter of the shell to which the head 

is attached, 
S = maximum allowable working tensile stress, as given 

in Par. U-13 (g)(3), pounds per square inch. 

The plane of the bolting flange shall be at right angle to the 
axis of the head. The strength of the flanges shall be not less 
than that of the several American Standards for cast-iron fittings 
of the same diameters. 

Ifof a semi-ellipsoidal form [Fig. U-3(b)] in which the inside 
depth of the head (one half of the minor axis of the ellipse) 
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is not less than one quarter of the inside diameter of the shell 
to which the head is to be attached, the thickness of the head 
shall be at least that required for a cast-iron cylinder with that 
diameter. 

Heads flatter than the foregoing limits shall be designed as 
flat plates. 

The use of cast-iron heads shall be limited to the require- 
ments of Par. U-13(g). 

(d) A cast-iron dished head integral with the cast-irori shell 
[Fig. U-3(c)], when a segment of a sphere and subject to pres- 
sure on the concave side, shall be designed in accordance with 
(c) but must have a corner radius equal to at least 3 times the 
thickness of the head. If of semiellipsoidal shape, the pro- 
visions of (c) for heads of 
that shape shall apply. 

If a cast-iron dished head 
is so placed as to be sub- 
ject to pressure on the con- 
vex side and the dished por- 
tion is not supported by ribs 
or bracing, the allowable 
working pressure shall be 
limited to six tenths of that 
permitted when pressure is 
applied on the concave side. 

U-38 (a) The corner 
radius of anunstayeddished 
head measured on the con- 
cave side of the head shall 
be not less than 3 times the 
thickness of the material 
in the head; but in no case less than 6 per cent of the diame- 
ter of the shell. In no case shall the thinning down, due to 
the process of forming, of the knuckle portion of any dished 
head, consisting of a segment of a sphere encircled by a part 
of a torus constituting the knuckle portion (torispherical), ex- 
ceed 10 per cent of the thickness required by the formula in 
Par.U-36(a). Other types of heads shall have a thickness after 
forming of not less than that required by the applicable formula. 

(b) A flanged-in manhole opening in a dished head shall be 
flanged to a depth of not less than 3 times the required thick- 
ness of the head for plate up to IV2 in. in thickness. For 
plate exceeding IV2 in., the depth shall be the thickness of 
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the plate plus 3 in. The depth of flange shall be determined 
by placing a straight edge across the outside opening along 
the major axis and measuring from the straight edge to the 
edge of the flanged opening. A manhole opening may be 
reinforced by a riveted manhole frame or other attachment in 
place of flanging. 



FLAT HEADS 

U-39 (a) The minimum required thickness of unstayed 
flat heads, cover plates, blind flanges, etc. shall be calculated 
by the following formula: 1 

j {CP 

where t = minimum required thickness of plate, inches, 

d = diameter, or shortest span, measured as indicated 

in Fig. U-4, inches, 
P = maximum allowable working pressure, pounds per 

square inch, 
S = maximum allowable unit working stress, as given in 
Table U-2, pounds per square inch; for cast iron, 
S — maximum bending stress as given in Par. 
U-13(g)(3), pounds per square inch, 
C — 0.162 for plates rigidly, riveted or bolted to shells, 
flanges, or side plates, as shown in Fig. U-4(a); and 
for integral flat heads as shown in Fig. U-4(b) 
where dimension d does not exceed 24 in., and the 
ratio of thickness of the head to dimension d is at 
least equal to or greater than 0.05, 
C = 0.30 for flanged plates attached to vessels as shown 
in Fig. U-4(c) by means of circumferential lap 
joints riveted, fusion welded, or brazed and meeting 

1 This formula is designed to give safe results in so far as stress conditions are con- 
cerned. Greater thicknesses than indicated by this formula may be necessary in cer- 
tain special cases. For example, in a bolted cover plate as shown in Fig. U-4(g) or (h), 
the deflection of the plate under pressure may relieve the pressure on the gasket suf- 
ficiently to result in leakage. A further tightening of the bolts will tend to correct this 
condition. Another example is that of a cover plate, as shown in Fig. U-4(g) or (h), 
bolted to the channel casting of a multiple-pass heat exchanger, where the cover plate 
makes the seal with the partitions in the channel casting separating the different passes. 
The deflection of the plate under bolt tension and/or pressure may be sufficient to break 
its contact with the partitions and short-circuit the various passes. A further tighten- 
ing of the bolts will tend to aggravate this condition. 
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Fig. U-4 Some Acceptable Types of Flat Heads and Covers 
Note: The above illustrations are diagrammatic only. Other designs that meet the requirements of 

Par. U-39 will be acceptable. 
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all the requirements therefor, and where the corner 
radius on the inside is not less than 3 times the 
thickness of the flange immediately adjacent 
thereto, and for flanged plates, with the same in- 
side corner radius screwed over the ends of vessels, 
in which the design of the threaded joint against 
failure by shear, tension, or compression resulting 
from the end force due to pressure is based on a 
factor of safety of at least 5, and the threaded 
parts are at least as strong as the threads for 
standard piping of the same diameter. Seal weld- 
ing may be used, if desired. 
C — 0.25 for heads forged integral with or butt welded 
to vessels as shown in Fig. U-4(d) and (e) ,where the 
corner radius on the inside is not less than 3 times 
the thickness of the flange immediately adjacent 
thereto, and where the welding meets all the re- 
quirements for circumferential joints given in 
Pars. U-67 to U-79, including those for stress-re- 
lieving and radiographic examination, 
C = 0.50 for plates fusion welded to the inside of 
vessels and otherwise meeting the requirements for 
the respective types of fusion-welded vessels, in- 
cluding stress-relieving when required for the 
vessel but omitting radiographic examination, and 
where the plate is welded for its entire thickness 
as shown in Fig. U-4(f) with a fillet weld having a 
throat not less than 1.25 times the thickness of 
shell or flat head, whichever is smaller, 

C ~ 0.30 H — rri ° for plates bolted to shells, flanges, 

or side plates, in such a manner that the setting of 
the bolts tends to dish the plate and where the 

Eressure is on the same side of the plate as the 
olting flange, as shown in Figs. U-4(g) and (h), 

where W = flange design bolt load, pounds, 

Ac — radial distance from the bolt circle 

diameter to the diameter d> inches, 
H = total hydrostatic end force on area 
bounded by the outside diameter of 
the gasket or contact surface, pounds, 
d — as defined above, 
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C — 0.50 for plates having a dimension d not exceeding 
18 in. inserted into vessels and welded thereto as 
shown in Fig. U-4(i) and otherwise meeting the re- 
quirements for the respective types of fusion- 
welded vessels including stress-relieving when re- 
quired for the vessel but omitting radiographic 
examination, and where the end of the vessels is 
crimped over to an angle not less than 30 deg nor 
more than 45 deg, the crimping is done cold only 
when this operation will not injure the metal, and 
the throat of the weld is not less than the thick- 
ness of the vessel wall or flat head, whichever is 
greater, 

C — 0.75 for plates screwed into the end of a vessel 
having an inside diameter d not exceeding 12 in., 
as shown in Fig. U-4(j), or for heads having an in- 
tegral flange screwed over the end of a vessel hav- 
ing an inside diameter d not exceeding 12 in., and 
where the design of the threaded joint against 
failure by shear, tension, or compression resulting 
from the end force due to pressure is based on a 
factor of safety of at least 5, and the threaded 
parts are at least as strong as the threads for 
standard piping of the same diameter. Seal weld- 
ing may be used, if desired. 

C = 0.30 for plates inserted into the ends of vessels and 
held in place by some suitable positive mechanical- 
locking arrangement such as shown in Fig. U-4(k) 
and (1), where all possible means of failure, either 
by shear, tension, or compression, due to the 
hydrostatic end force, are resisted with a factor 
or safety of 5. Seal welding may be used, if de- 
sired. 

C — 0.30 for plates held by set bolts in line with the 
gasket as shown in Fig. U-4(m), provided the de- 
sign of all holding parts against failure. by shear, 
tension, or compression resulting from the end force 
due to pressure, is based on a factor of safety of at 
least 5, and threaded joints, if any, are at least 
as strong as for standard piping of the same diame- 
ter. 
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(b) Openings. Unreinforced openings in unstayed flat 
heads shall be designed in accordance with the rules in Par. 
U-59(a), where D — d and K = [thickness required by formula 
given above in (a)] -r- (actual thickness of flat plate). 

Reinforced openings in unstayed flat heads, where the maxi- 
mum diameter of the opening does not exceed 50 per cent of 
dimension d 3 shall be designed in accordance with the rules 
in Par. U-59(g), where / is the thickness required by the formula 
given above in (a) except that the required cross section need 
be only 75 per cent of that specified in Par. U-59(g). 

Where the maximum diameter of an opening exceeds 50 per 
cent of dimension d 9 the flat plate shall be designed as a flange 
in accordance with the Rules for Bolted Flanged Connections 
given in Pars. UA-18 to UA-24, inclusive. 

(c) Bolted Flanged Connections. Bolted flanged connec- 
tions shall be designed in accordance with Pars. UA-18 to 
UA-24, inclusive. 



BRACED AND STAYED SURFACES 

U-40 (a) The maximum allowable working pressure for 
various thicknesses of braced and stayed flat plates, and those 
which by these rules require staying as flat surfaces with 
braces or staybolts of uniform diameter symmetrically spaced, 
shall be calculated by the formula: 

T 2 S 



p 2 ' N 11,000 

where P = maximum allowable working pressure, pounds per 
square inch, 
T = thickness of plate in sixteenths of an inch, 
S = maximum allowable unit working stress, pounds 

per square inch, 
p ;= maximum pitch measured between straight lines 
passing through the centers of the staybolts in the 
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c = 



c = 



c = 



different rows, which lines may be horizontal, ver- 
tical, or inclined, inches, 

112 for stays screwed through plates not over 7 /i« 
in. in thickness with ends riveted over, 
120 for stays screwed through plates over 7 /ie in. 
in thickness with ends riveted over, 
135 for stays screwed through plates and fitted 
with single nuts outside of plate, or with inside and 
outside nuts omitting washers (See Par. U-43), 
150 for stays with heads not less than 1.3 times the 
diameter of the stays, screwed through plates or 
made a taper fit and having the heads formed on 
the stays before installing them and not riveted 
over, said heads being made to have a true bear- 
ingpn the plate, 



175 for stays fit- 
ted with inside 
and outside nuts 
and outside 
washers where 
the diameter of 
washers is not 
less than OAp 
and thickness 
not less than T. 
(b) If a flat plate not less 



c 



No f Less than 2 z Diam- 
eters of Bolt as 
Measured on the Out- 
side of the Threaded' 
Portion, but must be 
A Pitch of Stays 
jfC=i75 ! 



Not Less than it if 

C* (50 or Less , and not*'' 

Less than t if C=175 




than 8 /» in. in thickness is 



Fig. U-5 Acceptable Proportions 
for Ends of Through Stays 

strengthened with a securely 
riveted doubling plate covering the full area of the stayed surface 
and having a thickness of not less than 2 / 3 T, then the value of Tin 
the formula shall be three fourths of the combined thickness of the 
plate and doubling plate but not more than 1 V2 times the thick- 
ness of the plate, and the value of C given above may also be in- 
creased 15 per cent. 

(c) When two sheets are connected by stays and but one of, 
these sheets requires staying, the value of Cis governed by the 
thickness of the sheet requiring staying. 

(d) Acceptable proportions for the ends of through stays 
with washers are indicated in Fig. U-5. 

U-41 Staybolts. (a) The ends of staybolts or stays 
screwed through the plate shall extend beyond the plate not 
less than two threads when installed, after which they shall be 
riveted over or upset by an equivalent process without exces- 
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sive scoring of the sheets; or they shall be fitted with threaded 
nuts through which the bolt or stay shall extend. 

(b) Welded-in staybolts which need not be stress-relieved 
may be used in the construction of Pars. U-69 and U-70 vessels 
provided: 

(1) The pressure does not exceed 150 psi; 

(2) The thickness of plate does not exceed z /\ in.; 




t=4max \<~—2dmfa-' 

— 



Fig. U-6 Typical Forms of Welded Staybolts 



(3) The diameter of the staybolt does not exceed 7 / 8 in.; 

(4) The calculated shearing stress does not exceed 6000 
psi, based on the throat dimension of the fillet weld; 

(5) The arrangement used conforms to one of those il- 
lustrated in Fig. U-6; 

(6) The provisions of Par. U-40 are followed using the 
constant for threaded staybolts; 
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(7) The inside welds are properly inspected before the ' 
attachment of the closing plates; 

(8) The welding operators are qualified under the rules 
of Section IX of the Code. 

(c) Welded stays, substantially as shown in Fig. U-7 and 
which need not be stress-relieved, may be used to stay jacketed 
unfired pressure vessels built in accordance with Par. U-69 
provided: 

(1) The pressure does not exceed 150 psi; 

(2) The plates do not exceed y 2 in. in thickness; 

(3) The throats of the welds do not exceed the plate 
thickness; 

(4) The inside welds ^ 

are properly inspected 
before the attachment 
of the closing plates; 

(5) The stresses cal- 
culated on the throat 
dimension of the weld 
do not exceed 5600 psi ; 

(6) The maximum 
diameter or width of 
the hole in the plate 
does not exceed I74 in.; 

(7) The welding 

operators are qualified 

under the rules of 

Section IX of the 

Code. 

U-42 Structural Re- 
inforcements, (a) When 
channel or angle sections 
or other members are 
securely riveted to the 

heads for attaching through stays, the transverse stress on 
such members shall not exceed 17s times the maximum allowa- 
ble unit working stress in pounds per square inch. In com- 
puting the stress, the section modulus of the member shall be 
used without addition for the strength of the plate. The 
spacing of the rivets over the supported surface -shall be in 
conformity with that specified for staybolts. 

(b) If the outstanding legs of the two members are fastened 
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Fig. U-7 Use or Plug and Slot Welds 
- for Staying Plates 
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together so that they act as one member in resisting the bend- 
ing action produced by the load on the rivets attaching the 
members to the head of the pressure vessel, and provided that 
the spacing of these rivets attaching the members to the head 
is approximately uniform, the members may be computed as a 
single beam uniformly loaded and supported at the points 
where the through braces are attached. 

U-43 (a) The maximum spacing between centers of rivets 
attaching the crowfeet of braces to the braced surface shall be 
determined as in Par. U-40, using 135 for the value of C. 

(b) The maximum spacing between the inner surface of the 
shell and lines parallel to the surface of the shell passing 
through the centers of the rivets attaching the crowfeet of 
braces to the head shall be determined by the formula in Par. 
U-40, using 175 for the value of C. 

(c) The maximum distance between the inner surface of the 
shell and the centers of braces of other types shall be deter- 
mined by the formula in Par. U-40, using a value of C equal 
to 1.3 times that value of C which applies to the thickness of 
plate and type of stay as therein specified. 

(d) In applying these rules and those in Par. U-40 to a head 
or plate having a manhole or reinforced opening, the spacing 
applies only to the plate around the opening and not across 
the opening. 

TJ-44 The formula in Par. U-40 was used in computing 
Table U-5 for steel plate stamped 55,000 psi. Where values 
for screwed stays with ends riveted over are required for con- 



TABLE U-5 



MAXIMUM ALLOWABLE PITCH OF SCREWED STAYBOLTS, 
ENDS RIVETED OVER 





Thickness of plate, in. 


Pressure, 
psi 
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ditions not given in Table U-5, they may be computed from 
the formula and used, provided the pitch does not exceed 8V2 
in. Where the staybolting of shells is unsymmetrical by rea- 
son of interference with butt straps or other construction, it is 
permissible to consider the load carried by each staybolt as 
the area calculated by taking the distance from the center of 
the spacing on one side of the bolt to the center of the spacing 
on the other side. 

U-45 The distance from the edge of a staybolt hole to a 
straight line tangent to the edges of the rivet holes may be 
substituted for p for staybolts adjacent to the riveted edges 
bounding a stayed surface. When the edge of a flat stayed 
plate is flanged and riveted, the distance from the center of 
the outermost stays to the inside of the supporting flange shall 
not exceed the pitch of the stays; p, plus the inside radius of 
the flange. 

U-46 The minimum diameter of a screw stay (usually the 
root of the thread) shall be used. 

U-47 The least cross-sectional area of a stay shall be taken 
in calculating the allowable stress, except that when the stays 
are welded and have a larger cross-sectional area at the weld 
than at some other point, the strength at the weld shall be 
computed as well as in the solid part and the lower value used. 

TJ-48 Holes for screw stays shall be drilled full size or 
punched not to exceed V* in. less than full diameter of the hole 



TABLE U-6 MAXIMUM ALLOWABLE STRESSES FOR STAYBOLTS AND 
STAYS OR BRACES 





Stresses, psi 


Description of staybolts and stays or braces 


For lengths 
between sup- 
ports not ex- 
ceeding 120 
diameters 1 


For lengths 
between sup- 
ports exceed- 
ing 120 diame- 
ters 1 


(a) Unwelded or flexible staybolts less than 20 
diameters 1 long, screwed through plates with 
ends riveted over 

(fc) Hollow steel staybolts less than 20 diame- 
ters 1 long, screwed through plates with ends 
riveted over 

(c) Unwelded stays or braces and unwelded 
portions of welded stays or braces 

(d) Steel through stays or braces exceeding V/2 
in. diameter 1 

(e) Welded portions of stays or braces 


7,500 

8,000 

9,500 

10,400 
6,000 


8,500 

9,000 
6,000 



1 Diameters taken at body of stay or brace. 

The reference to welded stays in Par. U-50(b) and to "welded stays or braces" in the 
above table refers to the method of fabrication by forge welding of the part itself and not 
to the attachment of the stays or braces to the sheets, 
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for plates over 6 /i6 in. in thickness, and l /% in. less than the full 
diameter of the hole for plates not exceeding s /i 6 in. in thick- 
ness, and then drilled or reamed to the full diameter. The 
holes shall be tapped fair and true with a full thread. 

U-49 The ends of steel stays upset for threading shall be 
thoroughly annealed. 

U-50 (a) The full-pitch dimensions of the stays shall be 
employed in, determining the area to be supported by a stay, 
and the area occupied by the stay shall be deducted therefrom 
to obtain the net area. The product of the net area in square 
inches by the maximum allowable working pressure in pounds 
per square inch gives the load to be supported by^ the stay. 

(b) The maximum allowable stress per square inch at point 
of least net cross-sectional area of staybolts and stays or 
braces shall be as given in Table U-6. 



HYDROSTATIC DEFORMATION TEST 

U-51 Where no rules are given and it is impossible to 
calculate with a reasonable degree of accuracy the strength 
of a pressure vessel or any part thereof, a full-sized sample 
shall be built by the manufacturer and tested in accordance 
with the standard practice for making a hydrostatic test 
on a pressure part to determine the maximum allowable 
working pressure, as given in Pars. UA-1 to UA-11, or in such 
other manner as the Boiler Code Committee may prescribe. 



CALKING 

U-52 (a) The calking edges of plates, butt straps, and 
heads shall be beveled to an angle not sharper than 70 deg to 
the plane of the plate, and as near thereto as practicable. 
Every portion of the unfinished surfaces of the calking edges 
of plates, butt straps, and heads shall be planed, milled, or 
chipped to a depth of not less than y 8 in. Calking shall be 
done with a tool of such form that there is no danger of scoring 
or damaging the plate underneath the calking edge, or splitting 
the calked sheet. 

(b) Fusion welding may be used to seal the calking edges of 
riveted joints and rivet heads of unfired pressure vessels, pro- 
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vided the plates do not exceed 0.30 per cent carbon and 
the thickness of the plate or head affected by the welding is 
at least l / s in. more than that required for a seamless shell of 
the same diameter, the same working pressure, and the same 
grade of material. Such seal welding shall not be applied 
until after the vessel is made tight as evidenced by the regular 
hydrostatic pressure test prescribed in Par. U-64. Seal weld- 
ing may be used on nozzles and their reinforcing plates under 
the same conditions. On unstayed dished heads, seal welding 
shall not be applied closer than V2 in. to the point of tangency 
of the knuckle of the flange. Seal welding may be applied 
only when the weld metal is deposited in a single layer having 
a throat thickness of not less than 3 /ie i n "> nor more than 6 /w 
in. The heat from welding shall not distort the plate or loosen 
the rivets in such a manner as to break the initial bond effected 
in the riveted joint. After seal welding, the vessel shall be re- 
subjected to the prescribed hydrostatic test. 



MANHOLES AND HANDHOLES 

U-53 (aj All unfired pressure vessels for use with com- 
pressed air or subject to internal corrosion shall be provided 
with suitable manhole, handhole, or other inspection openings 
for examination and .cleaning, except that such openings may 
be omitted from vessels containing compressed air when the 
actual service conditions or other material stored in them are 
such that the vessel is not subject to internal corrosion. . # 

(b) An elliptical manhole shall be not less than 11 X 15 in., 
or 10 X 16 in. size. A circular manhole shall be not less than 
15 in. in diameter. 

(c) A handhole opening shall be not less than 2 X 3-in. size 
but it is recommended that it be as large as possible con- 
sistent with the size of the vessel and the location of the 
opening. 

(d) All access and inspection openings in a shell or un- 
stayed head shall be designed in accordance with the rules in 
Par. U-59. 

(e) When a threaded inspection opening is to be used for in- 
spection or cleaning purposes, it shall be not less than l x /s in. 
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pipe size. The closing plug or cap shall be of a material suita- 
ble for the pressure and temperature conditions. Bronze shall 
not be used for temperatures over 450 F. 

The thread shall be a standard tapered pipe thread except < 
that a straight thread of equal strength may be used if other 
sealing surfaces to prevent leakage are provided. 

U-54 All vessels which require access or inspection open- 
ings shall be equipped as follows: 

(a) All vessels less than 18 in. in diameter shall have at 
least two handholes or two plugged threaded inspection open- 
ings. 

(b) All vessels 18 to 36 in., inclusive, in diameter shall have 
a manhole, or at least two handholes, or two plugged threaded 
inspection openings of not less than 2 in. pipe size. 

(c) All vessels over 36 in. in diameter shall have a manhole . 
except those whose shape or use make it impracticable, in which 
case they shall have at least two 4 X 6 in. handholes, or two 
handholes of equivalent area. 

(d) When handholes or plugged openings are used for in- 
spection openings in place of a manhole, where permitted, one 
handhole or one plugged opening shall be placed in each head 
or in the shell near each head. 

(e) Removable heads or cover plates may be used in place 
of the required openings provided they are equal at least to the 
required -size of the required inspection openings. 

A single removable head or cover plate may be used in place 
of all other inspection openings if it is of such size and location 
that a general view of the interior may be obtained through 
the opening at least equal to that obtained through the inspec- 
tion openings otherwise required. 

(f) In special cases where vessels 16 in. or less in diameter 
are located so that inspections cannot be made without dis- 
mantling or removing the vessel, special openings need not be 
provided if the tapping for pipe connections properly located 
for inspection purposes is not less than IV2 in. pipe size. 

TJ-55 A manhole or handhole reinforcing ring or frame, 
when used, shall be of rolled, forged, or cast steel, or cast 
iron, or nonferrous material, and shall comply with the require- 
ments of Par. U-59(g). 

{Pars. U-56 and XJ-SJ have been omitted) 

U-58 Manhole and handhole cover plates and yokes shall 
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be of rolled, forged, or cast steel, or cast iron, or nonferrous 
material. 

The strength of all such parts together with the bolts and 
yokes, if any, shall be proportioned for the service for which 
they are used. 



NOZZLE OPENINGS 

U-59 Unreinforced Openings, (a) The rules in this 
section, (b), (c), and (d) following, and the charts in Fig. U-8 
apply only to shells in which there are tube holes or other plain 
unreinforced openings or which may be pierced with telltale 
holes without reducing the working pressure below that given 
by the rules in Par. P-180 of Section I of the Code, and they 
are further limited to shells 8 in. or more in diameter in which 
the shell thickness does not exceed one fifth the diameter, and 
in which the largest hole does not exceed six tenths of the 
diameter of the shell. Plain unreinforced holes, such as 
threaded openings tapped directly into the shell of the pressure 
vessel, drilled holes for the boiler-tube type of connection, and 
studded connections, shall not exceed the diameter given by 
the charts in Fig. U-8, nor shall they exceed a diameter of 8 in, 
in any case. The diameter of a threaded opening shall be 
taken as that at the root of the thread. 

The definitions of the symbols shown in Fig. U-8 are as 
follows: 

d = maximum allowable diameter of openings, inches, 
D = outer diameter of the shell, inches, 
it = actual thickness of shell, inches, 

A " 2St\ 

P = working pressure, pounds per square inch, 
S = working stress, pounds per square inch, given in Table 
U-2. 

When there is a series of unreinforced openings in a pres- 
sure vessel, the efficiency of the ligaments between openings 
shall be calculated by the rules given in Pars. P-192 and P-193 
of Section I of the Code. 
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(b) Threaded Connections. All threaded connections 1 
in. pipe size or over which conform to the American Pipe 
Thread Standard shall have not less than the number of full 
threads given in Table U-7, For smaller threaded connec- 
tions there shall be at least four such threads. Other thread 
standards may be used provided the threaded thickness of the 
material conforms to Table U-7. 

If the thickness of the shell of the pressure vessel is not 
sufficient to give such number of threads, a construction shall 
be employed which will provide at least the required number 
of threads. 

Where the maximum allowable working pressure exceeds 
125 psi, threaded joints for nipple or pipe connections over 3 in. 
pipe size shall not be used either at the shell or terminating end 
of such connections. When threaded joints are used for other 
purposes such as inspection openings or end closures, the fore- 
going limitation of 3 in. pipe size shall not apply, but the de- 
tails of such construction must meet the requirements of other 
sections of the Code where threaded joints are permitted. 

Piping connected to the flanges of outlet nozzles on a pres- 
sure vessel, or for piping between pressure parts of a pressure 
vessel, may be attached by any of the following methods: 

(1) By screwing into a tapped opening with a screwed 
fitting or valve at the other end; 

(2) By screwing each end into tapped flanges, fittings, or 
valves with or without rolling or peening; 

(3) By bolted joints including those of the Van Stone type; 

(4) By expanding into grooved holes. 



TABLE U-7 MINIMUM NUMBER OF PIPE THREADS FOR CONNECTIONS 



Size of pipe con- 
nection, in. 


1 and IV* 


lVa and 2 


2 V« to 4 
inclusive 


4V« to 6 
inclusive 


7 and 8 


9 and 10 


12 


Number of threads 
per inch 


HVi 


ny* 


S 


8 


8 


8 


8 


Minimum number 
of threads re- 
quired for con- 
nection 


4 


5 


7 


8 


10 


12 


13 


Minimum thick- 
ness or length re- 
quired to give 
above number of 
threads, in. 


0.348 


0.435 


0.875 


1 


1.25 


1.5 


1.625 
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Any of these joints may be seal welded, if desired. 

(c) Expanded Connections. A pipe or tube connection or 
forging may be attached by inserting through an opening and 
expanding into the shell, provided the diameter of such an 
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Drum Diameter x Thickness in Inches 0t) 

Fig. U-8 Chart Showing Limits of Sizes of Unreinforced Openings 
in Cylindrical Shells 
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opening is not greater than that permitted for unreinforced 
circular openings in this section. Such connections shall be 
expanded and flared not less than : / 8 in. over the diameter 
of the tube hole or they may be flared not less than x /s in., 
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TT-S9 SECTION VIII UNFIRED PRESSURE VESSELS 

rolled, and beaded, or flared, rolled, and welded. Such tubes 
shall project through the shell not less than 1 /± in. nor more 
than Va in* before flaring. Where such tubes enter at an 
angle, the maximum limit of x j% in. shall apply only at the 
point of least projection. The outside diameter of such a 
connection shall not exceed 6 in. 

(d) Studded Connections. A studded connection with a 
flat surface machined on the shell for a gasket may be used for 
attaching flanged fittings provided the studs are engaged in 
the shell for a depth of at least the diameter of the stud 
used. The design and bolting of the flange shall be in ac- 
cordance with Par. P-299 of Section I of the Code. Stud 
holes shall straddle the center line of the vessel. The equiva- 
lent diameter of the opening shall be that determined by 
the total length of shell removed, including stud holes, if 
any, on any line parallel to the longitudinal axis of the shell. 
The equivalent diameter shall not exceed the maximum al- 
lowable diameter of an unreinforced opening as given by the 
rules above, using in Fig. U-8 the minimum thickness of the 
shell resulting from the machining of the flat surface. 

(e) Reinforced Openings. An opening in the shell of a 
pressure vessel with a diameter greater than the maximum 
unreinforced opening permitted by (a) shall be provided 
with reinforcement. Openings of the reinforced type shall con- 
sist of one or more reinforcing rings or flanges riveted, welded, 
or brazed to the shell and/or a tube or pipe extension or fitting 
welded to the shell and/or welded to or integral with the rein- 
forcing flange. The thickness of each independent riveted rein- 
forcing flange or ring shall be not less than given in Table U-8. 

(f) The thickness of a tube or pipe extension welded to the 

TABLE U-8 MINIMUM THICKNESS OF INDEPENDENT RIVETED REIN- 
FORCING RINGS OR FLANGES 



Thickness of 

shell plate, in. 


Thickness of reinforcing 
ring or flange, in. 


v« 
v« 

y« to "A 2 

»A to «/« 

VlC tO H/ 8 J 

V» to Vm 
Va to «/* 

iy« to 2 

Over 2 


v» 

V* 

Vu 

■A 

Vie 
Vi 
Vs 
"/» 
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shell and/or a reinforcing ring or flange shall be not less than 
that for standard-weight pipe of the same diameter and shall 
comply with Par. P-23 of Section I of the Code. 

For nozzle fittings having a bolting flange and an integral 
flange for riveting, the thickness of the flange attached to the 
pressure vessel shall also be not less than the thickness of the 
neck of the fitting. ' 

(g) All circular or elliptical openings of the reinforced type 
shall comply with the following requirements: 

(1) On a line parallel to the longitudinal axis of the 
shell and passing approximately through the center of the 
opening and through the weakest section of a riveted re- 
inforcing ring or flange (sectional views in Fig. U-9), the 
total cross section in the complete reinforced opening, in- 
cluding the shell and cross section of fusion welds if any, 
and deducting for rivet holes if any, within the limits de- 
fined below (defined by rectangle ABCD in the sectional 
views) shall be at least equal to the cross section (EFGH 
plus JKLM) obtained by multiplying the shell thickness / 
required by Par. U-20, using E — 0.90, by twice the diameter 
d of the opening, less 2 in. The above mentioned limits are: 

(a) A distance on each side of the center line of the 
opening equal to the actual inside diameter d of the 
opening in the shell in the finished construction (lines 
AD and BC in the sectional views). 

(b) A distance on each side of the middle line of 
the actual thickness m of the shell equal to 3 times such 
actual thickness, except that in no case shall the limits 
extend along the tubular portion of a connection beyond 
the surface NP of the shell, or of the reinforcement if 
any, more than 2V2 times the thickness n of the tubular 
portion (lines AB and DC in the sectional views). 

When there are two or more adjacent openings, the limits 
(defined by AD and BC) for the openings shall not be con- 
sidered to overlap, and in no case shall any portion of a cross 
section be considered to apply to more than one opening. 
If the difference between thickness t and actual thickness m 
represents material added for corrosion, the reinforcement 
must be. computed on the basis of thickness t and no credit 
taken for the corrosion allowance. 

No credit can be taken for the additional strength of ma- 
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U-59 SECTION VIII UNFIRED PRESSURE VESSELS 

terial having a higher tensile strength than that of the 
vessel wall to be reinforced. t 

(2) On either side of the line parallel to the longi- 
tudinal axis of the shell, as determined in (1), the strength 
of the attachment to the pressure vessel of each separate 
part entering into the fabrication of a reinforced opening 
shall be at least equal either to the tensile strength of the 
cross section of the reinforcing part within the above limits 
(within the rectangle ABCD)> or to the tensile strength of a 
cross-sectional area (QFGR plus JSTM) determined by 
multiplying the shell thickness t required by Par, U-20, using 
E = 0.90, by the diameter d> less 2 in. of the opening in the 
shell in the finished construction, whichever tensile strength 
is the smaller. For riveted construction the strength of at- 
tachment is the shearing strength of the rivets, and for fusion- 
- welded construction it is the strength of the weld in shear or 
in tension, whichever is smaller. 

- (h) The unit working shear stress of a weld shall not exceed 
0.8 times the allowable working stress in tension for the type 
of fusion-welded vessel for which the welding process is suita- 
ble. For fusion-welded connections, in addition to complying 
with the rules given above in (2), the following additional re- 
quirements shall be met: 

(1) ^ Where the thickness / of the thinner of the two parts 
being joined is z /t in. or less, the dimensions of the welds 
shall be not less than the requirements given by the formulas 
inFig.U-10. 

(2) Where the thickness t is greater than 8 / 4 in., the dimen- 
sions of the welds shall be not less than the requirements 
given in Fig. U-10 using a value of s /i in. for tin the formulas. 

(i) Riveted Connections. Materials for riveted openings 
shall be of rolled, forged, or cast steel, or cast iron as herein 
provided. Cast-iron nozzles and fittings may be used if the 
pressure does not exceed 160 psi, and/or the temperature does 
not exceed 450 F. Riveted cast-iron fittings may be considered 
as reinforcement as permitted by this paragraph provided, the 
thicknesses of the cast-iron parts are not less than B /a hi., and 
the total area of the cast-iron reinforcement is at least twice that 
required for steel. ~ 

(j) The strength of the rivets in tension in a flange frame or 
ring riveted to a vessel, based on the minimum tensile strength 
given in the specifications, shall be at least equal to that re- 
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(h) will be acceptable. Weld dimensions indicated are minimum values. For reinforced openings the strength of all 
welds should be checked to conform with Par. U-59(g) and (h). 
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quired to resist the stress due to the maximum allowable work- 
ing pressure with a factor of safety of five. 

The tensile stress in the rivets due to the pressure shall be 
computed in the following ways: 

(1) For outside calking the stress shall be equal to the 
area bounded by the outside calking multiplied by the maxi- 
mum allowable working pressure. 

(2) For inside calking (and with no outside calking) 
the stress shall be equal to the area bounded by the inside 
calking multiplied by the maximum allowable working 
pressure. 

(k) The rivets attaching nozzles shall be so spaced as to 
avoid the possibility of the shell plate failing by tearing around 
through the rivet holes. This feature shall be checked by 
applying the rules given in Par. P-l 93(b) of Section I of the 
Code which bear on the strength where a series of holes is 
placed in a drum. 

(1) Riveted domes 
shall also comply with 
the additional rules given 
in Par. U-33. 

(m) Seal welding may 
be employed in accord- 
ance with the procedure 
in Par. U-52(b). Fig. U-ll Inserted Type Nozzle 

(n) Forge - Welded 
Connections. Forge-welded connections shall be of forged or 
rolled steel material, seamless tubing, or forge-welded pipe. 

Forge-welded connections shall be attached by the methods 
shown in Fig. U-20. 

All forge-welded connections shall be stress-relieved in ac- 
cordance with the procedure given in Par. U-76. 

(o) Fusion- Welded Connections. Materials for fusion- 
welded connections shall be in accordance with Par. U-71(b). 

All welding for fusion-welded connections shall be equivalent 
to that required for the particular vessel to which the connec- 
tion is attached. 

Where a nozzle is attached to a Par. U-6S pressure vessel by 
a flange or saddle inserted in and butt-welded to the shell at 
the edge of the flange as shown in Fig. U-ll, the weld so made 
shall be radiographed. Radiographic examination of other 
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types of connections of nozzles to shells or drums may be 
omitted except as specifically required in other paragraphs of 
the Code. 

The fusion welding of dome flanges shall also comply with 
additional rules given in Par. U-33. 

(p) When vessels are built in accordance with Par. U-68, 
all connections after being attached by fusion welding shall 
be stress-relieved. 

When vessels are built in accordance with Par. U-69 and are 
required to be stress-relieved, all connections and other 
attachments after being attached by fusion welding shall also 
be stress-relieved. When vessels are built in accordance with 
Par. U-69 and are not required to be stress-relieved, connec- 
tions and other attachments after being attached by fusion 
welding need not be stress-relieved. 

Caution: A welding procedure should be used which will prevent excessive 
locked-up stresses and warpage. A certain degree of preheating provided 
either by the welding itself or by. other means may be necessary in some cases. 

If a vessel as a whole is not required to be stress-relieved, 
but some parts, because of thickness if any welding is done on 
them, are required to be stress-relieved, the parts may be so 
treated before being attached to the vessel. 

When vessels are built in accordance with Par. U-70, con- 
nections and other welded-on attachments need not be stress- 
relieved. 

(q) When connections are attached by fusion welding to a 
forge-welded, riveted, brazed, or seamless vessel, the vessel 
shall be stamped "U-68," "U-69/' or "U-70" _ as required by 
Par. U-66 and in accordance with the service limitations as to 
pressure, temperature, etc., as the case may be, and the require- 
ments for welding and stress-relieving of fusion-welded con- 
nections as given in (o) and (p) above shall apply. 

(r) Fusion-welded connections which require stress-reliev- 
ing and which are attached to vessels whose seams are of riv- 
eted construction shall be fabricated and stress-relieved prior 
to the making up or attachment of the courses by riveting. If 
they do not require stress-relieving and are attached after 
riveting, the welds shall be located at a distance from the 
riveted seam at least equal to the diameter of the opening 
plus 4 times the plate thickness of the shell. 

(s) Fig. U-10 illustrates some types of fusion- welded con- 
nections which are acceptable. 
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(t) Brazing. For threaded openings in pressure vessels 
where brazing is permitted, if the thickness of material in the 
vessel is not sufficient to give the number of threads specified 
in (a), the openings may be fabricated for a threaded connec- 
tion by brazing to the shell a plate or a forged boss with inside 
flange, or any other type of connection described in this section 
may be used. 

(u) Typical examples of the application of the above rules 
are presented in Pars. UA-12 to UA-17. 



GENERAL REQUIREMENTS 

U-60 Supports, (a) All vessels must be so supported as 
to properly distribute the stresses due to the weight of the ves- 
sel and. contents. 

(b) Lugs or brackets when used to support a vessel shall be 
properly fitted to the surfaces to which they are attached. 
The shearing and crushing stresses on material used for attach- 
ing the lugs or brackets to the vessels shall not exceed 40 per 
cent of the maximum allowable working stresses given in Pars. 
U-15 and U-16. 

U-61 (a) In laying out and cutting the plates care must 
be taken to leave one of the stamps required in the specifica- 
tions for material used, so located as to be plainly visible when 
the vessel is completed; or in case these are unavoidably cut 
out, the heat number, quality of plate, minimum tensile 
strength, and maker's name shall be accurately transferred, as 
to form, by the pressure-vessel manufacturer to a location 
where these stamps will be visible. The form of stampings 
shall be such that it can be readily distinguished from the 
plate maker's stamping. 

(b) When plates less than l /t in. in thickness are used, the 
manufacturer must mark each vessel in some permanent man- 
ner which will enable him to identify the heat from which the 
sheet in each tank has been rolled. 

(c) When plates under 1 /a in. are formed into heads 36 in, 
or less in diameter, the marking requirements of plate speci- 
fications may be stenciled in one place with the manufacturer's 
name and test identification number. The mill certification 
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of the physical and chemical requirements of this material, in 
conjunction with the above modified marking requirements, 
shall be considered sufficient to properly identify these heads. 
U-62 (a) Vessels subject to corrosion must be so installed 
that there is sufficient access to all parts of the exterior and 
particularly to the manhole, handhole, or cover plates to per- 
mit proper inspection of the interior and exterior, except 
where the vessel is of such size and is so connected that it may 
readily be removed from its permanent location for inspec- 
tion. In the case of vertical cylindrical vessels subject to 
corrosion, the bottom head, if dished, must have the pressure 
on the concave side to insure complete drainage. . 

(b) It is recommended that when the thickness of the plate 
is increased as provided for in Par. U-ll, telltale holes be 
drilled to provide some positive indication when the thick- 
ness has been reduced to a dangerous degree. In cases where 
telltale holes are "drilled they shall be y 8 in. to x /< in. in diameter 
and shall be drilled to a depth of not less than 60 per cent of the 
thickness required for a seamless shell of like dimensions. 
These holes shall be drilled in the surface of the plate opposite 
to that subjected to such deterioration, the spacing of the holes 
to be not over 2 ft apart. If telltale holes are put in the walls 
of vessels under external pressure, their depth shall be at least 
that of the thickness of plate required for a pressure of 60 per 
cent of the working pressure. 

TJ-63 Every pressure vessel shall conform in all details 
with these rules, and when so constructed shall be stamped 
with the legend provided for in Par. U-66. 

U-64 Hydrostatic and Air Tests, (a) Each vessel con- 
structed under these rules shall be tested under hydrostatic 
pressure of not less than l 1 /^ times the maximum allowable 
working pressure, except that for enameled vessels including 
those of welded construction the test pressure shall be at least 
but need not exceed the maximum allowable working pressure, 
and except that other fusion-welded vessels shall be tested in 
accordance with Par. U-77. 

(b) The maximum allowable working pressure as determined 
by the formula in Par. U-20 and used in determining the hydro- 
static test pressures shall be that at normal atmospheric tem- 
perature and based on the actual dimensions and plate thick- 
nesses required for the pressure and temperature that are to be 
stamped on the vessel. 
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(c) In case the vessel is not to be operated at temperatures 
oyer 650 F, the hydrostatic test pressures shall be based on the 
maximum allowable working pressure to be stamped on the 
vessel. 

(d) In case the vessel is to be operated at temperatures exceed- 
ing 650 F, the hydrostatic test pressures shall be based on the 
maximum allowable pressure to be stamped on the vessel in- 
creased by the ratio of the allowable tensile stress at 650 F, 
for the material used and the corresponding allowable stress 
as given in Table U-2, interpolated, if necessary, for the maxi- 
mum working temperature to be stamped on the vessel. 

For example, a riveted vessel to be stamped 200 lb, 900 F, built of 55,000 
lb steel (Specification SA-70, firebox): 

Allowable stress, psi, at 650 F = 1 1,000 

Allowable stress, psi, at 900 F = 4,400 

Maximum allowable pressure, psi, at normal atmospheric tempera- 
ture 200 X 11,000/4,400 « 500 

Hydrostatic test pressure, psi, 500 X V-/%. *= 750 

(e) Gas storage vessels of riveted construction which are so 
constructed or installed as not to be capable of safely with- 
standing the weight of the large mass of water required to fill 
them for hydrostatic test may be tested by compressed air to a 
pressure of at least, but which need not exceed, the maximum 
allowable working pressure of the vessel, provided the allowa- 
ble working pressure does not exceed 80 per cent of that 
which would be permitted if the vessel were subjected to the 
regular hydrostatic test pressure. 

(f) Similar vessels of welded construction shall be subjected 
to a hammer test, if required, as prescribed in Par. U-77, except 
the vessels shall be empty and at atmospheric pressure, after 
which they shall be subjected to an air pressure not to exceed 2 
psi, and while under this pressure the joints shall be examined 
for leaks by the application of soapsuds or equivalent means. 
Following this soap test, the vessels shall be subjected to an 
air pressure not less than l l /\ times the maximum allowable 
working pressure, after which the welded joints shall be re- 
examined for leaks by the application of soapsuds or equivalent 
means while the vessels are under an air pressure or not less 
than the maximum allowable working pressure. 

(g) Vessels that are galvanized after fabrication may be 
hydrostatically tested after the galvanizing process. 

U-65 Inspection, (a) Every pressure vessel constructed 
to conform with this section of the Code shall be inspected at 
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least twice by a state inspector, a municipal inspector, or an 
inspector employed regularly by an insurance company. 
These inspectors shall have been qualified by a written ex- 
amination under the rules of any state which has adopted 
this Code. In the case of a riveted vessel one inspection shall 
be made at the time of reaming rivet holes. In the case of 
a vessel fabricated in whole or in part by a welding process one 
internal inspection shall be made before final closure, A final 
inspection shall be made at the time of the hydrostatic test. 

(b) A data sheet shall be filled out and signed by the 
manufacturer and the inspector. This data sheet, together 
with the stamping on the vessel, shall be a guarantee by the 
manufacturer that he has complied with all the require- 
ments of this section of the Code. (A sample data report 
sheet appears as form U-l.) For vessels not 
inspected [See Par. U-l (a)] use form U-3. 

(c) Those parts of a pressure vessel re- 
quiring Code inspection and which are. fur- 
nished by other than the shop of the manu- 
facturer responsible for the completed vessel 
shall be fabricated by a manufacturer inpos- 
Fig. U-12 Official session of a Code symbol stamp and shall be 
Symbol for Stamp inspected by a qualified inspector. The data 
to .Denote Phe i • * i* • i 

Amejucan Society sheets,intnphcate,coveringthepartorparts, 
of Mechanical En- shall be executed by the manufacturer and 
■gineers' Standard the inspector in accordance with the Code re- 
quirements, and forwarded, in duplicate, 
to the manufacturer of the finished vessel. This partial data 
report, togetherwith his own inspection, shall be the final in- 
spector's authority to witness the application of a Code stamp 
to the vessel. The manufacturer who completes the vessel 
and the shop inspector making the final inspection shall be re- 
sponsible for its meeting Code requirements. (A sample ■ 
manufacturers' partial data report sheet appears as form 
U-2.) 

U-66 Stamping, (a) Each such pressure vessel shall con- 
form in every detail to these rules and shall be distinctly 
stamped in the presence of the inspector with the symbol as 
shown in Fig. U-12, the manufacturer's name, the manufactur- 
er's serial number, the working pressure, and the year built, 
denoting that the vessel was constructed in accordance there- 
with. The maximum temperature corresponding with the 
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maximum allowable working pressure shall also be stamped on 
the vessel. 

(b) If the circumferential or longitudinal joint or joints of a 
vessel are brazed, forge welded, or resistance-welded, the vessel 
shall be stamped under the Code symbol with the letters "BRZ," 
"FGD," or "RES," as the case may be. Where a vessel is 
built by combination of types of construction as mentioned 
above or different types of fusion welding, the stamping on the 
vessel shall indicate the different classes. 

(c) If the vessel is of fusion-welded construction or if it has 
welded pressure parts, it shall also be stamped with the number 



u- 

( Paragraph number, ) 
jif welding is used) 






(Name of manufacturer) 




(Max allow, working pressure) 
(Max allowable temperature) 





(Manufacturer's serial number) 




(Year built) 





Fig. U-13 Form of Stamping 

of the paragraph under which the welding was done. These 
markings shall be legibly stamped with letters and figures at 
least Vie in. high on some conspicuous portion of the vessel, 
near a manhole, if any, or handhole. 

(d) Separate name plates may, and for vessels constructed of 
plateless than y 4 in. thick must be used on which the data required 
by this paragraph, excepting the Code symbol and serial num- 
ber, may be etched, cast, or impressed. Such plates shall be 
brazed or otherwise irremovably attached to the vessel in a con- 
spicuous location. 

(e) The Code symbol and other required data not on the plate 
when made may be stamped on the plate prior to its being af- 
fixed to the vessel but the inspector shall see that the plate 
with the correct stamping is applied to the proper vessel, or 
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the stamping may be grouped at one location and so arranged 
that the data for the separate parts can be properly identified. 
Removable pressure parts must be so stamped as to identify 
them with the vessel to which they pertain. - 

(f) The stamps shall be arranged substantially as shown in 
Fig. U-13. 

(g) The height of the letters and figures shall be not less than 
B / 3 2 in. Any arrangement of the required items may be fol- 
lowed except that the Code symbol must be on the left side 
of the plate. 

(h) When an unfired pressure vessel unit consists of more than 
one pressure chamber operating at the same or different pres- 
sure, each such pressure chamber (vessel) which operates at a 
pressure above 15 psi shall be subject to the required inspec- 
tions and hydrostatic tests. The part or pressure chamber 
tested shall be stamped so as to indicate that the stampings 
apply only to the chamber (vessel) tested, such as "jackets 
only/' "stock space only," etc. 

(i) The required hydrostatic tests shall be applied to each 
separate pressure chamber without pressure in the others. 
After passing the inspections and hydrostatic tests, each pres- 
sure chamber shall be stamped and a data sheet made out for 
each as required for a single vessel by Pars. U-65 and U-66. 

(j) After obtaining the stamp to be used when vessels are to 
be constructed to conform with this section of the A.S.M.E. 
Boiler Construction Code, a state inspector, or a municipal 
inspector o? any state or municipality that has adopted the 
Code, or an inspector employed regularly by an insurance com- 
pany and who is qualified under the rules of such states or 
municipalities to inspect such vessels is to be notified than an. 
inspection is to be made, and he shall inspect such vessels dur- 
ing construction and after completion. 

(k) The stamping shall not be covered permanently with 
insulating or other material. 

(1) Permission to use the symbol designated in the foregoing 
paragraph will be granted by The American Society of Mechani- 
cal Engineers to any manufacturer complying with the pro- 
visions of this Code who will agree upon forms issued by the 
Society that any vessel to which the symbol is applied will be 
constructed in full accordance with Code requirements and 
that he will not misuse or allow others to use the stamp by 
which the symbol is applied. 

(m) All steel stamps for applying the symbol -shall be 
purchased from the Society. 
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RULES FOR THE FUSION PROCESS OF WELDING 

U-67 (a) Pressure vessels may be fabricated by means of 
fusion welding provided the construction is in accordance 
with the requirements for material and design of the rules 
for fusion welding as required in this Code. 

(b) Except as specifically provided elsewhere in the Code, 
the welding procedure and welding operator qualifications for 
strength welding shall comply with the requirements of Sec- 
tion IX. 

(c) The tests conducted by one manufacturer shall not 
qualify a welding operator to do work for any other manufac- 
turer. No production work shall be undertaken until both the 
procedure and the operator have been qualified. 

(d) Definitions. The following definitions cover the 
application of fusion-welding processes: 

(1) Fusion Welding. A process of welding metals in 
the molten, or molten and vaporous, state without the appli- 
cation of mechanical pressure or blows. 

(2) Fillet Weld. A fusion weld of approximately 
triangular cross section, the throat of which lies in a plane 
disposed approximately 45 deg with respect to the surface of 
the parts joined. 

(3) Throat. The minimum thickness of a weld along a 
straight line passing through the bottom of the cross-sec- 
tional space provided to contain a fusion weld. 

(4) Double- Welded Butt Joint. A joint ^formed by 
the fusion, of two abutting edges with a filler metal added 
from both sides of the joint and with reinforcement on both 
sides. 

(5) Single- Welded Butt Joint. A joint formed by 
the fusion of two abutting edges with all the filler metal 
added from one side of the joint with a reinforcement on the 
side from which the filler metal is added. 

Note: A joint with filler metal added from only one side is considered equiva- 
lent to a double-welded butt joint when and if means are provided for accom- 
plishing complete penetration and reinforcement on both sides of the joint. 

U-68 Vessels covered by this Code may be used for any 
purpose when constructed in accordance with the rules given 
in this paragraph subject to the further modifications given in 
Par. U-141(b), as these may apply. 

The joint efficiency E to be used in applying the rules in 
Par. U-20 shall be taken as 90 per cent. 
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The welding shall meet the following test requirements: 
(a) Test Plates. A test plate of the dimensions shown in 
Fig. U-15 from steel of the same specifications and thickness as 
the shell plates prepared for welding may be attached to the 
shell plate being welded, as in Fig. U-14, on one end of one 
longitudinal joint of each drum so that the edges to be welded 
in the test plate are a continuation of and duplication of the 
corresponding edges of the longitudinal joint. In this case the 
weld metal shall be deposited in the test plates continuously 
with the weld metal deposited in the longitudinal joint. ; _ The 

Reinforcing Bars Clamped or Welded to Back or' 
Test Plates. Test Plates to be Tack We Idea" to 
./the She II or Otherwise Supported in Position 



LlUU LT 

Test' 
Plates 



Drum Shell 



/ 



Test Plato 



Test Plate 



Peinforcing 
Bars 



Shelly 



Double Welded Buff Joint Shalt be 
Used 



.Shell' 



Fig. U-14 Method of Forming Longitudinal Test Plates 

plates for test samples may be taken from any part of one or 
more plates of the- same lot of material that is used in the 
fabrication of welded vessels and without reference to the 
direction of the mill rolling. As an alternate method, a de- 
tached test plate may be welded as provided for in (b). 

(b) When a test plate is welded for the longitudinal joints, 
none need be furnished for circumferential joints or nozzles in 
the same drum, providing the welding process, procedure, and 
technique are the same. Where a drum has only circumfer- 
ential joints a test plate of the same material as the shell shall 
be welded in the same way as the joints in question. 

When a drum has neither longitudinal nor circumferential 
joints, no test plate need be furnished for nozzles if the welding 
process and welding operator are qualified under Section IX of 
the Code. 
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(c) When there are several vessels being welded in suc- 
cession or at any one time the plate thicknesses of which fall 
within a range of 1 /i in., each 200 ft of longitudinal and cir- 
cumferential seams may be considered as the equivalent of one 
vessel and only the test plates required by (a) and (b) need 
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Fig. U-1S Test Specimen From Longitudinal Welded Test Plates 



be made, provided they are welded in the same way as the 
joints in question. The test plates shall be so supported that 
warping due to welding shall not throw the finished test plate 
out of line by an angle of over 5 deg. 

Where the welding has warped the test plates they shall be 
straightened before being stress-relieved. The test plates 
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shall be subjected to the same stress-relieving operation as 
required by Par. U-76. At no time shall the test plates be 
heated to a temperature higher than that used for stress-relieving 
the vessel. 

(d) Test Specimens. The coupons for tension and bend 
test shall be removed as shown in Fig. U-15 and be of the dimen- 
sions shown in Figs. U-15 and U-16. 
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(e) Tension Tests. Two types of tension-test specimens 
are required, one of the joint and the other of the weld metal. 
The tension specimen of the joint shall be transverse to the 
welded joint and shall be the full thickness of the welded 
plate after the outer and inner surfaces of the weld have been 
machined to a plane surface flush with the plate. When the 
capacity of the available testing machine does not permit test- 
ing a specimen of the full thickness of the welded plate, the 
specimen may be cut with a thin saw into as many portions 
of the thickness as necessary, each of which shall meet the 
requirements. 
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The tensile strength of the joint specimen in Fig. U-15 shall 
be not less than the minimum of the specified tensile range of 
the plate used. (The tension test of the joint specimen as speci- 
fied herein is intended as a test of the welded joint and not of the 
plate. If the specimen breaks in the plate and the weld shows 
no sign of weakness, the test may be accepted as meeting the 
requirements even though the stress at which failure occurs is 
less than the minimum of the specified range.) 

The tension-test specimen of the weld metal shall be taken 
entirely from the deposited weld metal and shall meet the 
following requirements : 

Tensile strength — at least that of the minimum of the range 
of the plate which is welded; . 

Elongation, minimum = 20 per cent in 2 in. 

For plate thicknesses less than 5 /s in., the all-weld-metal 
tension test may be omitted. 

(f) Bend Tests. The bend-test specimen shall be trans- 
verse to the welded joint of the full thickness of the plate and 
shall be of rectangular cross section with the width IV2 times the 
thickness of the specimen. When the capacity of the availa- 
ble testing machine does not permit testing a specimen of the 
full thickness of the welded plate, the specimen may be cut 
with a thin saw into as many portions of the thickness as 
necessary, each of which shall meet the requirements. The 
inside and outside surfaces of the weld shall be machined to 
a plane surface flush with the plate. The edges of this sur- 
face shall be rounded to a radius not over 10 per cent of the 
thickness of the plate. The specimen shall be bent cold under 
free bending conditions until the least elongation measured 
within or across approximately the entire weld on the outside 
fibers of the bend-test specimen is 30 per cent. 

When a crack is observed in the convex surface of the speci- 
men between the edges the specimen shall be considered to 
have failed and the test shall be stopped. Cracks at the cor- 
ners of the specimen shall not be considered as a failure. The 
appearance of small defects in the convex surface shall not be 
considered as a failure if the greatest dimension does not exceed 
Vie in. 

(g) Retests. Should any of the tests fail to meet the re- 
quirements by more than 10 per cent, no retests shall be 
allowed except that in the case of failure of the free-bend test 
specimen due to permissible defects, free-bend specimen retests * 
may be allowed at the discretion of the inspector. 
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Should any of the tests fail to meet the requirements by 10 
per cent or less, retests shall be allowed. A second test plate 
shall be welded by the same operator who welded the plate 
which failed to meet the test requirements. The retest shall 
be made on specimens cut from the second plate. 

The retests shall comply with the requirements. For either 
of the tension retests, two specimens shall be cut from the second 
^ test plate, and both of these shall meet the requirements. 

When there is more than one specimen of the same type and 
when one or more of the group specimens fail to meet the re- 
quirements by 10 per cent or less, the retest shall be made on 
an entire group of specimens, which shall meet the requirements. 

If the percentage of elongation of any tension test specimen 
is less than that specified and any part of the fracture is more 
than z /i in. from the center of the gage length of the 2 in. speci- 
men, or is outside of the middle third of the gage length of the 
full-size specimen as indicated by the scribe scratches marked 
on the specimen before testing,- a retest shall be allowed. 

(h) Nondestructive Tests. (1) All longitudinal and circum- 
ferential fusion-welded butt joints shall be radiographically 
examined throughout their length except: 

(a) As specifically exempted in other paragraphs of the 
Code; 

(b) Circumferential welded butt joints of manholes 
and sumps not exceeding 10 in. nominal pipe size or iVs in. 
wall thickness (Note: This provision applies to the fabrica- 
tion and not to the method of attachment which is otherwise 
provided for); 

(c) Vessels or nozzles made of pipe material not ex- 
ceeding 10 in. nominal pipe size or l 1 /* in. wall thickness, hav- 
ing only circumferential welded butt joints. 

(2) All welded joints to be radiographed shall be prepared as 
follows: The weld reinforcements on both the inside and out- 
side shall be ground, chipped and ground, or suitably machined 
to remove the irregularities of the weld surface so that it merges 
smoothly into the plate surface. The finished surface of the 
reinforcement may have a crown of approximately uniform 
amount not to exceed the following: 

Plate Thickness, Thickness oe Rein- 

In. FOK.CEMENT, IN. 

Up to Vj, incl. Vi«. maximum 

Over Vj to 1, incl. Vis to Vis 

Over 1 thick ' »/« to */b 

Single-welded butt joints made the equivalent of double- 
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welded butt joints, in accordance with Par. U-73(a), niay be 
radiographed without removal of backing strip, provided the 
backing strip image will not interfere with the interpretation 
of resultant radiographs. 

(3) The films obtained by the use of X rays shall be known 
as" exographs," and those obtained by the use of gamma rays as 
"gammagraphy." Both types of films shall be generally 
termed "radiographs." 

(4) The weld shall be radiographed with a technique which 
will determine quantitatively the size of defects with thick- 
nesses equal to and greater than 2 per cent of the thickness of 
the base metal. As a check on the radiographic technique,suita- 
ble thickness gages or 



penetrameters shallbe 
employed as follows: 

(a) To deter- 
mine whetherthe ra- 
dio.graphic * tech- 
nique employed is 
detecting defects of 
a thickness equal to 
and greater than 2 
per cent of the thick- 
ness of the base ma- 
terial, thickness 
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Diameters of Holes 2, 3, end 4 Times the 
Thickness of Penetrometer but Not Less Than 
A- Inch 

Fig. U-17 Dimensions of Penetrameters 



gages or penetrameters of the following type shall be placed 
on the side of the plate nearest the source of radiation and used 
as directed. 

(b) The materia] of the penetrameter shall be substantially 
the same as that of the plate under examination. 

(c) The thickness of the penetrameter shall be not more 
than 2 per cent of the thickness of the plate. 

(d) In each penetrameter there shall be three holes of di- 
ameters equal, respectively, to two, three, and four times the 
penetrameter thickness, but in no case less than 1 /u in., 
except when gamma rays are used as a source of radiation, 
the minimum hole need not be less than 3 / 3 2 in. The smallest 
hole must be distinguishable on the radiograph. 

(e) Each penetrameter shall carry an identifying number 
representing, to two significant figures, the minimum thick- 
ness of plate for which it may be used. 
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(f) The images of these identifying numbers shall appear 
clearly on the radiograph. 

(g) For plates up to and including 2% in. in thickness, each 
penetrameter shall be l l /% in. long and V2 in. wide. For 
plates thicker than 2 l /% in., each penetrameter shall be 2 1 /* in. 
long and 1 in. wide, as shown in Fig. U-17. 

(h) Two penetrameters shall be used for each exposure, one 
at each end of the exposed length, parallel and adjacent to the 
weld seam with the small holes at the outer ends. 

(5) The film during exposure shall- be as close to the surface 
of the weld as is practicable. The distance of the film from the 
surface of the weld on the side opposite the source of radia- 
tion shall, if possible, be not greater than 1 in. With the film 
not more than 1 in. from the weld surface the minimum dis- 
tance between the source of radiation and the back of the weld 
shall be as follows: 



Plate thickness, 
in. 


Minimum distance from 

source of radiation to back of weld, 

in. 


Up tol 
lto2 

2 to 3 

3 to 4 

4 to 5 


14 
21 
28 
36 
38 



(6) There should also be a plain indication on each film 
showing the job number, the drum, and seam, as well as the 
manufacturer's identification symbol or name. 

(7) If it is necessary to expose the film at a distance greater 
than 1 in. from the weld, the following ratio of 

Distance from source of radiation to 
weld surface toward radiation 



Distance from weld surface toward 
radiation to film 

shall be at least 7 to 1. When a grid of the Buckey type is 
employed to reduce scattered radiation, the above ratio may be 
reduced to five. These conditions are imposed so as to limit the 
allowable distortion and magnification of any defects in the 
welded seam. 

(8) However, when the X-ray tube is operated at a voltage 
of 1000 kv or more and the Buckey grid is used on plates 3 in. or 
more in thickness, the foregoing specification on technique may 
be modified to suit the requirements. 

(9) All radiographs shall be free from excessive mechanical 
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processing defects which would interfere with proper inter- 
pretation of the radiograph. 

(10) Identification markers, the images of which will appear 
on the film, shall be placed adjacent to the weld and their loca- 
tion accurately and permanently stamped near the weld on the 
outside surface of the drum or shell, so that a defect appear- 
ing on the radiograph may be accurately located in the actual 
weld. 

(11) The radiographs shall be submitted to the inspector. 
If the inspector requests, the following data shall be submitted 
with the radiographs: 

(1) The thickness of the base metal; 

(2) The distance of the film from the surface of the 
weld; 

(3) The distance of the film from the source of radiation. 

(12) The acceptability of welds examined by radiography 
shall be judged by comparing the radiographs with a standard 
set of radiographs, reproductions of which may be obtained by 
purchase from the Boiler Code Committee. In general the 
standards of judgment shall be: 

(a) Welds in which the radiographs show elongated 
slag inclusions or cavities exceeding the permissible limits or 
lack of fusion shall be unacceptable if the length of any 
such imperfection is greater than 1 /zT, where T is the 
thickness of the weld. If the lengths of such imperfec- 
tions are less than l / z T and are separated from each other 
by at least 6L of acceptable weld metal, where L is the 
length of the longest imperfection, the weld shall be judged 
acceptable if the sum of the lengths of such imperfections 
is not more than T in a weld length of 127". 

(b) Welds in which the radiographs show any type of crack 
shall be unacceptable. 

(c) Welds in which the radiographs show porosity shall 
be judged as acceptable or unacceptable by comparison with 
the standard set of radiographs. 

(d) A complete set of radiographs for each job shall be 
retained by the manufacturer and kept on file for a period 
of at least ten years. 

(13) When radiographing a circumferential pipe joint by 
placing a radium capsule inside the pipe, the penetrameters 
may be placed on the film side of the circumferential joint pro- 
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, vided the manufacturer satisfies the inspector that the tech- 
nique followed in doing the work is known to be adequate. 1 

(14) When the radium capsule is placed on the axis of the 
joint and the complete circumference radiographed with a single 
exposure, four penetrameters uniformly spaced shall be em- 
ployed. 

(i) All vessels constructed under the requirements of this 
paragraph shall be stress-relieved in accordance with Par. U-76. 

(3) Vessels constructed in accordance with this paragraph 
shall be stamped "U-68" as required by Par. U-66. 

(k) The manufacturer shall be responsible for the quality of 
the welding done by his organization and shall conduct tests of 
welding operators to determine their ability to produce welds 
of the required quality. 

The manufacturer shall satisfy the inspector that all the 
welding operators employed on a pressure vessel or pressure 
part of a unit have previously made test plates which comply 
with the requirements of the Code. Such test plates shall have 
been made within a period of six months, except that when the 
welding operator is regularly employed on production work 
embracing the same process and type of welding the tests may 
be effective for one year. 

It is the duty of the inspector to satisfy himself that only 
welding operators who are proved competent by these test 
plates are used to weld any pressure part and that all welding 
complies^ with Code requirements. 

The inspector has the right at any time to call for and wit- 
ness the making of test plates described in this paragraph by 
any welding operator and to observe the physical tests of them. 
For such qualification tests, the thickness of the test plate 
shall be approximately the thickness of the plate or parts on 
which the welding operator is to work except that it need not 
exceed l l / 2 in. 



1 Note: A suggested method t or proving the adequacy of the radium capsule method 
of radiography is as follows: 

A preliminary radiograph should be made with a piece of pipe with penetrameters on 
both the inside and outside. The diameter of the pipe employed in making this proof 
radiograph should be substantially the same as that of the job in hand, and its wall thick- 
ness the practical equivalent of the over-all thickness of the joint to be radiographed, 
including both backing ring and reinforcement if these are present in the joint to be ex- 
amined. The radium capsule employed in making this proof radiograph, together with 
all other items of technique such as the location of the capsule and the time of the expo- 
sure, should be the same as employed on the actual job. Each penetrameter should be 
provided with a marker which will show up clearly on the film and which will indicate 
the side of the joint on which it is located : F for the film side, and R for the radiation side. 
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When more than one welding operator is employed on a 
pressure vessel, the required test plates for the individual 
vessels shall be made by the welding operator designated by the 
inspector. 

U-69 (a) All vessels covered by this Code when con- 
structed in accordance with the rules of this paragraph, and 
when the plate thickness of the shells and of the heads fabri- 
cated of more than one piece do not exceed IV2 in. at the joint, 
may be used for any purpose and under any operating condi- 
tions except: 

(1) To contain lethal 1 substances, either gases or liquids; 

(2) For operating pressures exceeding 600 psi. 

The limit of plate thickness does not apply to heads formed 
of a single plate. The pressure limitation does not apply to 
vessels operating under hydrostatic pressure at atmospheric 
temperatures. 

(b) The joint efficiency E to be used in applying the rules 
in Par. U-20 shall be taken as 80 per cent. 

(c) The qualification of the welding procedures and the 
welding operators shall comply with the requirements of Sec- 
tion IX of the Code, except: 

(1) A welding operator who has been regularly qualified 
and engaged in welding Par. U-68 vessels is qualified thereby 
to weld Par. U-69 vessels provided the same procedure and 
position are employed as those for which the operator has 
been qualified; p 

(2) As may be otherwise provided. 

(d) Each manufacturer or contractor shall be responsible 
for the quality of the welding done by his organization and 
shall conduct tests not only of the welding process to determine 
its suitability to insure welds which will meet the required tests, 
but also of the welding operators to determine their ability to 
properly apply the procedure. 

Each welding operator shall be assigned by'the manufacturer 



1 By "lethal substances" are meant poisonous gases or liquids of such a nature that 
a very small amount of the gas or vapor of the liquid mixed or unmixed with air when 
breathed is dangerous to life. For purposes of this Code, this class includes substances 
of this nature which are stored under pressure or may generate a pressure if stored in a 
closed vessel. Some such substances are hydrocyanic acid, carbony 1 , chloride, cyanogen, 
mustard gas, and xylyl bromide. For the purposes of this Code ammonia, chlorine, 
natural or manufactured gas, propane, or butane are not considered as lethal substances, 
but it is the intention of the Committee that their storage should not be permitted in 
pressure vessels built in accordance with Par. U-70. 
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an identifying number, letter, or symbol, which shall be stamped 
on all vessels adjacent to and at intervals of not more than 3 ft 
along the welds which he makes either by hand or by machine, 
or a permanent record may be kept by the manufacturer of the 
welding operators employed on each joint, which shall be availa- 
ble to the inspector, and in such case the stamping may be 
omitted. 

The manufacturer shall maintain a permanent record of the 
welding operators employed by him, showing the date and 
result of the tests and the identification mark assigned to each. 
These records shall be certified to by the manufacturer and 
accessible to the inspector. An authorized inspector shall have 
the right at any time to call for and witness tests of the welding 
process or of the ability of any welding operator. 

U-70 (a) All vessels covered by this Code, when constructed 
in accordance with the rules of this paragraph, may be used for 
the storage of gases or liquids, except lethal 1 gases or liquids, 
at temperatures not materially exceeding their boiling tem- 
perature at atmospheric pressure, and at pressures not to 
exceed 200 psi, and/or not to exceed a temperature of 250 F. 
The plate thickness of shells and of heads fabricated of more 
than one piece shall be limited to 5 /s in. The limitation of plate 
thickness does not apply to heads formed of a single plate. The 
maximum allowable working pressure of the vessel shall be 
calculated on the basis of a maximum unit joint working stress 
(SE) in pounds per square inch as follows: 

Double-welded butt joints for all joints. 8000 

Single-welded butt joints for girth or head joints 6500 

Double full-fillet lap welds for girth joints only . 7000 

Plug or intermittent welds for girth or head joints 5600 

(b) For single-welded butt joints and for double full-fillet welds 
for longitudinal joints, the maximum unit joint working stress 
(SE) shall be as follows: For material of thickness of less than 
1 /i in., 5600 psi; for material of thickness of l /i to 8 /s in., 7000 
psi. 

(c) Lap joints as provided for in Par, U-73(a) shall not be 
used in the construction of vessels for the storage of gases of any 

i By "lethal substances" are meant poisonous gases or liquids of such a nature that 
a very small amount of the gas or vapor of the liquid mixed or unmixed with air when 
breathed is dangerous to life. For purposes of this Code, this class includes substances 
of this nature which are stored under pressure or may generate a pressure if stored in a 
closed vessel. Some such substances are hydrocyanic acid, carbonyl chloride, cyanogen, 
mustard gas, and xylyl bromide. For the purposes of this code ammonia, chlorine, 
natural or manufactured gas, propane, or butane are not considered as lethal substances, 
but it is the intention of the Committee that their storage should not be permitted in 
pressure vessels built in accordance with Far. U-70. 
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kind at pressures in excess of 100 psi, nor for the storage of any 
liquid at a temperature exceeding its boiling point at atmos- 
pheric pressure. 

(d) The qualification of the welding procedures and the 
welding operators shall comply with the requirements of Sec- 
tion IX of the Code, except: 

(1) A welding operator who has been regularly qualified 
and engaged in welding Pars. U-68 or U-69 vessels is quali- 
fied thereby to weld Par. U-70 vessels provided the same 
procedure and position are employed as those for which the 
operator has been qualified; 

(2) As may be otherwise provided. 

(e) Each manufacturer or contractor shall be responsible 
for the quality of the welding done by his organization and 
shall conduct tests not only of the welding process to determine 
its suitability to insure welds which will meet the required tests, 
but also of the welding operators to determine their ability to 
properly apply the procedure. 

Each welding operator shall be assigned by the manufacturer 
an identifying number, letter, or symbol, which shall be stamped 
on all vessels adjacent to and at intervals of not more than 3 ft 
along the welds which he makes either by hand or by machine, 
or a permanent record may be kept by the manufacturer of the 
welding operators employed on each joint, which shall be availa- 
ble to the inspector, and in such case the stamping may be 
omitted. 

The manufacturer shall maintain a permanent record of 
the welding operators employed by him, showing the date and 
result of the tests and the identification mark assigned to each. 
These records shall be certified to by the manufacturer and ac- 
cessible to the inspector. An authorized inspector shall have 
the right at any time to call for and witness tests of the welding 
procedure or of the ability of any welding operator. 

U-71 Material, (a) Ferrous materials used in the fabri- 
cation of any fusion-welded drum, shell, or parts, covered by 
this Code, shall conform to Specifications S-4, SA-7 (bar stock 
only), SA-27, SA-30, SA-31, SA-53, SA-70, SA-72, SA-83, SA-84, 
SA-89, SA-105, SA-106, SA-129, SA-135, SA-157, SA-158, 
SA-178, SA-181, SA-182, SA-192, SA-201, SA-202 Grade A, 
SA-203, SA-204, SA-206, SA-209, SA-210, SA-212, SA-2I3, 
SA-216, SA-217, SA-225, SA-240,*SA-249* Grades T8,T18,T19, 

* Materials complying with these specifications to be used only under the conditions 
set forth in Case No. 897. 

70 



FUSION WELDING U-72 

and T20, and SA-250. The carbon content in all such ma- 
terials shall not exceed 0.35 per cent. 

(b) Material for manhole frames, nozzles, and other pres- 
sure connections which are to be joined to the shell or heads by 
fusion welding shall, when forged, rolled, or cast, comply 
with the specifications given for forgings, plates, or castings, 
respectively, as to chemical and physical properties and be of 
good weldable quality. Small parts of cast, rolled, or forged 
steel of good weldable quality may be used as provided for in 
Par. U-12(c). 

.(c) If, in the development of the art of welding, it is de- 
sired to use materials other than those herein described, data 
should be submitted to the Boiler Code Committee in accordance 
with Pars. UA-71 to UA-81. 

U-72 Preparation for Welding, (a) The plates may be 
cut to size and shape by machining or shearing 3 or by flame 
cutting if the carbon content does not exceed 0.35 per cent. 
If shaped by flame cutting, the edges must be uniform and 
smooth and must be freed of all loose scale and slag accumula- 
tions before welding. The discoloration which may remain 
on the flame-cut surface is not considered to be detrimental 
oxidation. The plates or sheets to be joined shall be accurately 
cut to size and formed. In all cases the forming, if done cold, 
shall be by pressure and not by blows, including the edges of the 
plates forming longitudinal joints of cylindrical vessels. Carbon 
steel plates, conforming to the specifications in the Code, which 
are to be subsequently stress-relieved, may be formed by blows 
providing this is done while that portion of the plate is at a forg- 
ing temperature and that such forming does not objectionably 
deface the plate. 

(b) Particular care should be taken in the layout of joints 
in which fillet welds are to be used so as to make possible the 
fusion of the weld metal at the bottom of the fillet. Great 
care must also be exercised in the deposition of the weld' 
metal so as to secure satisfactory penetration. 

(c) If the thickness of the flange of a head to be attached to 
a cylindrical she'll by a butt joint exceeds the shell thickness 
by more than 25 per cent (maximum x /a in.), the flange thick- 
ness shall be reduced at the abutting edges either on the inside 
or the outside, or both, as shown in Fig U-18(a). 

(d) The edges of the plates at the joints shall not have an 
offset from each other at any point in excess of one quarter of 
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the plate thickness at the joint, with a maximum permissible 
offset of 1 /s in. for longitudinal joints and 1 / 4l in. for girth 
joints. 

(e) In all cases where plates of unequal thicknesses are 
abutted, the edge of the thicker plate shall be reduced in some 
manner so that it is approximately the same thickness as the 
other plate. 

In longitudinal shell joints the middle lines of the plate 
thicknesses shall be in alignment, within the fabricating toler- 
ances specified in (d) above. 

(f) Except where specific details are permitted in other 
paragraphs, the design of welded vessels shall be such, that if 
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bending stresses are brought directly upon a welded joint, the 
design shall be analyzed to keep the maximum stress within 
the allowable limits, and complete weld penetration through 
the thickness of the joined plates shall be obtained, with added 
fillet welds where necessary to reduce stress concentration. 
Corner joints with fillet welds only shall not be used unless 
the plates forming the corner are properly supported inde- 
pendently of such welds. 

(g) Bars, jacks, clamps, or other appropriate tools may be 
used to hold the edges to be welded in line. The edges of butt 
joints shall be so held that they will not overlap during weld- 
ing. Where fillet welds are used, the lapped plates shall fit 
closely and be kept together during welding. 
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(h) The surfaces of the sheets or plates to be welded shall 
be cleaned thoroughly of all scale, rust, oil, or grease for a dis- 
tance of not less than l /% in. from the welding edge. Grease 
or oil may be removed with gasoline, lye, or the equivalent. A 
steel-wire scratch brush may be used for removing light rust 
or scale, but for heavy scale, slag, and the like, a grinder, 
chisel, air hammer, or other suitable tool shall be used to 
obtain clean and bright metal. When it is necessary to deposit 
metal over a previously welded surface, any scale or slag there- 
from shall be removed by a roughing tool, a chisel, an air chip- 
ping hammer, or other suitable means to prevent inclusion of 
impurities in the weld metal. 

(i) The dimensions and shape of the edges to be joined shall 
be such as to allow thorough fusion and complete penetration. 

(j) . For double-welded butt joints the reverse sides shall be 
chipped, ground," or melted out so as to secure a clean surface of 
the originally deposited weld prior to the application of the first 
bead of welding on the second side. Such chipping, grinding, 
or melting out shall be done in a manner that will insure 
proper fusion of the weld metal. These requirements are not 
intended to apply to any process of welding by which proper 
fusion and penetration are otherwise obtained and no impuri- 
ties remain at the base of the weld. 

(k) If the welding is stopped for any reason, extra care shall 
be taken in restarting to get full penetration to the bottom of 
the joint and thorough fusion between the weld metal and the 
plates, and to the weld metal previously deposited. 

(1) Where single-welded butt joints are used, particular 
care shall be taken in aligning and separating the edges to be 
joined so that complete penetration and fusion at the bottom 
of the joint will be assured. 

TT-73 Joints, (a) Longitudinal. Longitudinal joints 
on vessels covered by Pars. U-68 and U-69 shall be of the double- 
welded butt type and a reinforcement of at least Vie in. shall be 
built up on each face of the weld, except that for plates 1 /a in. or 
less in thickness the reinforcements need not exceed 25 per cent 
of the plate thickness. 

The reinforcement on either or both faces of the weld may be 
removed, but if not removed there shall be no valley, groove, or 
other change in contour along the edge or upon the surface of 
the weld that, in the opinion of the inspector, would be objec- 
tionable. 1 

1 If the reinforcement is built up so as to form a ridge with a valley or depression at the 
edge of the weld next to the plate, the result is a notch which causes concentration of 
stress and reduces the strength of the joint. 
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When a butt-welded joint is made the equivalent of a double- 
welded joint (See note in Par. U-67) by using a backing strip and 
adding filler metal on one side only, the requirement for rein- 
forcement applies only to the side opposite the backing strip. 
The backing strip may be allowed to remain or it may be 
removed. 

The longitudinal joints of vessels covered by Par. U-70 may 
be of the butt-welded type for thicknesses of 6 /s in. or less, or of 
the double-welded lap type for thicknesses of 3 /s in. or less, or 
of the single-welded butt. type for thicknesses of x /a in. or less. 
If of the lap type the throat dimension of each of the welds 
shall be no less than 5 /sT > where T represents the thickness of 
the plate. Both edges, of the lap shall be welded and the sur- 
face overlap shall be not less than 4T. The reinforcement for a 
single-welded butt joint shall be not less than Vie in. The rein- 
forcement may be machined off, if so desired. " 

(b) Except for Par. U-68 vessels, where vessels are made 
up of two or more courses with welded longitudinal joints, the 
joints of adjacent courses shall be separated by a distance of at 
least 5 times the thickness of the thicker plate. 

(c) Circumferential. Circumferential and other joints of 
vessels uniting the plates of the shell, or other pressure parts, 
except as provided for in Par. U-59, covered by Par. U-68 shall 
be of the double-welded butt type. Circumferential and other 
joints of vessels uniting the plates of the shell, or other pres- 
sure parts, except as provided for in Par. U-59, covered by Par. 
U-69 shall be of the double-welded butt type, except for thick- 
nesses of 6 / 8 in. or less, in which case they may be of the single- 
welded butt type. Circumferential and other joints of vessels 
uniting the plates of the shell, or other pressure parts, except 
as provided for in Par. U-59, covered by Par. U-70 ( may be of 
the butt or lap type. The details of all of these joints shall 
conform to the requirements of longitudinal joints given in. (a). 

(d) Dished heads concave to the pressure when used on 
vessels covered by Par. U-70 may be inserted with a driving fit 
and fillet welded inside and outside, except that for vessels 
20 in. in diameter or less the heads may be welded on the 
outside only. . The welds shall be located on the flange of 
the head at a distance not less than twice the thickness of the 
head from the point of tangency of the knuckle and not less 
than y 2 in. 

(e) Heads concave to the pressure and/or plate edges at 
girth joints to be attached by butt joints shall be aligned so 

74 



FUSION WELDING U-74-76 

that the deviations are not more than permitted by the limita- 
tions of Par. U-72, but if greater, correction shall be made by 
re-forming the shell or head, whichever is out of true, until 
the errors are within the limits specified. The edges of head 
and girth joints shall be kept separated at the point of weld- 
ing enough to insure thorough penetration of the weld metal. 

(f) Flat heads may be welded into any pressure vessel un- 
der the rules given in Par. U-39(a), 

U-74 Holes. Unreinforced holes may be machine-cut 
through welded seams that have been stress-relieved and 
radiographed. The joint efficiency as well as the ligament 
efficiency shall be considered in calculating the thickness. 

Tubes may be rolled and expanded in such unreinforced holes, 
or such holes may be threaded, provided that in the portion of 
the welded joint in which the holes are cut the following addi- 
tional requirements are met: 

(1) The welds have been examined by the magnetic 
powder method on both sides and found to be satisfactory; 

(2) The weld shall contain no slag inclusion or defect 
longer than 0.15 T (where T\s the thickness of the weld), but 
in no case greater than 3 / 8 in. 

If either item (1) or (2) is not complied with, the unrein- 
forced holes for threaded connections or for rolled or expanded 
tubes may not be placed closer than y 4 in. to the edge of the 
fused metal, and no deduction need be made in the maximum 
allowable working pressure computed for the same tube layout 
without a circumferential weld. 

U-75 Dished Heads. Dished heads convex to the pressure 
shall have a flange not less than iy 2 in. long except where the 
thickness is 3 / 8 in. or under, in which case the flange need not 
be more than 4 times the thickness of the. head. When heads 
are inserted into the shell, it shall be with a driving fit and 
welded as shown in Fig. U-18. 

Dished heads concave to the pressure shall have a length of 
flange not less than 1 in. for shells not over 24 in. in diameter. 
For vessels over 24 in. in diameter, this length shall be not less 
than iy 2 in. 

U-76 Stress-Relieving, (a) All fusion-welded vessels 
constructed in accordance with Par. U-68 shall be stress-re- 
lieved. 

Ob)' Unless otherwise limited by the provisions of Par. 
U-13(c), .vessels constructed in accordance with Par. U-69 
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shall be stress-relieved where the thickness exceeds l 1 /^ in., or 
where the diameter is less than that determined by the formula 
d — 120/ — 50, where d is the inside diameter in inches and /the 
shell thickness in inches. Vessels having a wall thickness less 
than 0.58 in. need not be stress-relieved regardless of diameter. 

(c) Where stress-relieving is required it shall be done by 
heating uniformly to at least 1100 F, 'and up to 1200 F, or 
higher, if this can be done without distortion. Different tem- 
peratures may be used to obtain proper stress-relieving when 
required by the characteristics of the material. The structure 
or parts of the structure shall be brought slowly up to the 
specified temperature and held at that temperature for a 
period of time proportioned on the basis of at least one hour 
per inch of thickness and shall be allowed to cool slowly in a 
still atmosphere. 

(d) All connections attached by fusion welding shall be 
stress-relieved on vessels requiring stress relief and as required 
by Par. U-59(p), (q), and (r). 

All heavy attachments, such as supporting lugs, attached by 
fusion welding shall be stress-relieved when welded to vessels 
for which stress-relieving as a whole is required. 

Attachments, including nonpressure parts, the failure of 
which would not affect the safety of the vessel, need not be 
stress-relieved after welding them to stress-relieved vessels 
provided the strength of the shell is computed with the tack 
welds considered the equivalent of holes drilled through the 
shell of the following diameters: 

(1) For material containing more than 0.35 per cent 
carbon, such as that used in forged seamless steel shells, the 
diameter of the equivalent holes shall be taken as twice 
the maximum dimension of the weld, but in no case shall a 
weld exceed 1 in. in length; _ 

(2) For material containing not to exceed 0.35 per 
cent carbon, the diameter of the equivalent holes, in a vessel for 
which stress relief as a whole is required, shall be taken as 
the maximum dimension of the weld plus l / 2 in., but in no case 
shall a weld exceed 3 in. in length; 

. (3) The efficiency of the ligaments between any two of 
the welds (considered on the basis of equivalent holes) shall 
be not less than the required efficiency for ligaments or 
longitudinal joint of the shell. 

When nonpressure parts are attached by fusion welding to 
pressure parts of carbon steel containing not more than 0.35 

76 



FUSION WELDING U-77 

per cent carbon, or of carbon molybdenum steel containing not 
more than 0.20 per cent carbon, no deductions need be made on 
account of welds having a throat thickness not exceeding l /i in., 
if the welds are not over 3 in. in length and have a center-to- 
center distance not less than twice this length. This rule also 
applies to continuous welds longer than 3 in., if the weld metal 
is deposited intermittently in sections not over.3 in. long, with 
center-to-center distances not less than twice this length, and if 
these welds are peened and the intervening spaces then welded 
and peened. 

When nonpressure parts are attached by fusion welding and 
the drums and parts are subsequently heat-treated or stress-re- 
lieved in accordance with the provisions of this paragraph, 
no deductions need be made on account of the welds. 

(e) The structure shall be stress-relieved by any of the fol- 
lowing methods: 

(1) Heating the complete vessel as a unit; 

(2) Heating a complete section of the vessel (head or 
course) containing the part or parts to be stress- relieved 
before attachment to other sections of the vessel; 

(3) In cases where the vessel is stress-relieved in sec, 
tions, stress-relieving the final girth joints by heating uni- 
formly a circumferential band having a minimum width of 
6 times the plate thickness on each side of the welded seam 
in such a manner that the entire band shall be brought up 
to the temperature and held for the time specified above 
for stress-relieving. 

(4) Nozzles or other welded attachments for which 
stress relief is required may be locally stress-relieved by 
heating a circumferential band around the entire vessel with 
the connection at the middle of the band, the band width to 
be at least 12 times the shell thickness wider than the at- 
tachment, in such a manner that the entire band shall be 
brought up to the temperature and held for the time specified 
above for stress-relieving. 

(5) In the case of welded joints in piping and tubing, the 
width of the heated circumferential band shall be at least three 
times the width of the widest part of the welding groove but 
in no case less than twice the width of the weld reinforcement. 

U-77 Hydrostatic and Hammer Tests. (a) Fusion- 
welded pressure vessels which have been both stress-relieved 
and radiographed need not be subjected to the hammer test, 
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but shall be hydros tatically tested to not less than twice the 
maximum allowable working pressure for a sufficient time to 
permit an inspection of all joints and connections. 

(b) Vessels built in accordance with the requirements of 
Pars. U-69 and U-70, 12 ft or less in diameter and/or 20 ft or 
less in vertical height, the welded joints of which are not stress- 
relieved and radiographed, shall be subjected to a hydrostatic 
test pressure of l x / 2 times the maximum allowable working pres- 
sure, and while subject to this pressure all butt-welded joints 
that are not supported by other means, and all welded joints if 
such a test is feasible, shall be given a thorough hammer or 
impact test. This impact test shall consist of striking the plate 
at 6 in. intervals on both sides of the welded joint and for the 
full length of all welded joints. The weight of the hammer in 
pounds shall approximately equal the thickness of the shell in 
tenths of an inch, but not to exceed 10 lb, and the plates shall 
be struck with a sharp swinging blow. The edges of the hammer 
shall be rounded so as to prevent defacing the plates. This 
hammer test shall be applied to vessels over 12 ft in diameter 
and/or 20 ft or more in vertical height while they are empty. 

Following the hammer test, the vessels shall be hydro- 
statically tested to not less than twice the maximum allowable 
working pressure, for a sufficient length of time to permit an in- 
spection of all joints and connections. 

(c) On other pressure parts the hydrostatic pressure shall 
be maintained at not less than iy 2 times the maximum allowa- 
ble working pressure a sufficient length of time to permit com- 
plete inspection. The hydrostatic test pressure of the completed 
unit shall not exceed that prescribed in Par. U-64. 

(d) Enameled vessels of welded construction need not be 
hammer tested nor need they comply with the hydrostatic 
tests prescribed in this paragraph, but shall be tested in ac- 
cordance with the provisions of Pan U-64. 

(e) Vessels which cannot safely be filled with water shall 
be given a pneumatic test as prescribed in Par. U-64(f). 

(f) The maximum allowable working pressure as deter- 
mined by the formula in Par. U-20 and used in determining 
the hydrostatic test pressures shall be that at normal atmos- 
pheric temperature and based on the actual dimensions and 
plate thicknesses required for the pressure and temperature 
that are to be stamped on the vessel. 

In case the vessel is not to be operated at temperatures over 
650 F, the hydrostatic test pressures shall be based on the 
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maximum allowable working pressure to be stamped on the 
vessel. 

In case the vessel is to be operated at temperatures exceed- 
ing 650 F, the hydrostatic test pressures shall be based on the 
maximum allowable pressure to be stamped on the vessel, in- 
creased by the ratio of the allowable tensile stress at 650 F 
for the material used and the corresponding allowable stress 
as given in Table U~2, interpolated, if necessary, for the maxi- 
mum working temperature to be stamped on the vessel. 

For example, the vessel to be stamped 200 lb, 900 F, built of 55,000 lb steel. 
(Specification SA-70, firebox): 

Allowable stress, psi, at 650 F ; ; . . = 11,000 " 

Allowable stress, psi, at 900 F . = 4,400 

Maximum allowable pressure, psi, at normal atmospheric tempera- 
ture 200 X 11,000/4,400. „ « 500 

Hydrostatic pressure, psi, during hammer test 500 X IV2 — 750 

Hydrostatic pressure, psi, following hammer test 500 X 2 — 1,000 

(g) Pinholes, cracks, or other defects shall be repaired only 
by chipping, machining, or burning out the defect and reweld- 
ing. For gas welding the metal around the defects shall be 
preheated to a dull red for a distance of at least 4 in. all around. 
Any preheating means may be used, such as a flange fire, gas or 
oil burner, or a welding torch. The preheating shall be done 
slowly so the heat will get well back into the plate and expand 
it thoroughly. For metallic arc welding preheating or reheat- 
ing is not required. 

(h) Vessels requiring stress-relieving shall be stress-re- 
lieved after any welding repairs have been made. 

(i) After repairs have been made the vessel shall again be 
tested in the regular way, and if it passes the test the inspec- 
tor shall accept it. If it does not pass the test the inspector 
can order supplementary repairs, or, if in his judgment the 
vessel is not suitable for service, he may permanently reject it. 

U-78 Inspection, (a) In the case of vessels built in ac- 
cordance with Par. U-68 the manufacturer shall submit the 
vessel for inspection at such stages as may be designated by 
the inspector. 

(b) For vessels built in accordance with Par. U-69 the first 
inspection shall be made during the welding of the longi- 
tudinal joint. At this time the inspector shall inspect the 
plate material and the fit-up of the work and observe the 
workmen to see that only welding operators who have passed 

79 



U-78 SECTION VIII UNFIRED PRESSURE VESSELS 

the test requirements are employed on the work of welding. 

(c) A second inspection shall be made during the welding of 
the circumferential joints.. At this time the inspector shall 
check any new material being used which may not have been 
examined at the time of the first inspection, also the fit-up of 
the vessel at this stage of construction, and again observe the 
welding operators to see that only welding operators who have 
passed the test requirements are employed. 

(d) For vessels built in accordance with Par. U-70 one in- 
spection shall be made during the welding of the longitudinal 
joint. If there is no longitudinal joint the inspection shall be 
made during the welding of a circumferential or a head joint. 
At this time the inspector shall check the plate material and 
the fit-up of the work and observe the workmen to see that 
only welding operators who have passed the test requirements 
are employed. 

(e) Every pressure vessel covered by this Code shall also be 
inspected at the time of hydrostatic-pressure and hammer tests. 

(f) The manufacturer shall certify that the welding on the 
vessel has been done only by welding operators who have 
passed the test requirements and that the same material and 
technique used in making the tests were employed in fabri- 
cating the vessel. 

(g) In the case of vessels built in accordance with Par. U-^69 
or U-70 the plate thickness of which is over X U in., the manu- 
facturer may, if he so desires or if requested by the purchaser, 
remove one or more specimens from the welded joints for ex- 
amination for soundness. The specimens shall be such as 
to provide a full cross section of the welded joint and may be 
removed by trepanning a round plug or by any equivalent 
method. For lap joints specimens need be taken from the outer 
edge only. At least one specimen shall be taken from each ves- 
sel except that when there are a number of similar vessels, each 
having less than a total of 50 ft of welded longitudinal and cir- 
cumferential joints, built at the same time and under the same 
specifications, a specimen for each 50 ft or fraction thereof will 
suffice; from a vessel having more than 50 ft of welded joints 
two specimens shall be taken; and from a vessel having more 
than 100 ft of welded joints, three specimens shall be taken. 
If more than one method of welding is used or if more than one 
operator does the welding, at least one specimen shall be taken 
for each method and for each operator. 
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The authorized inspector shall designate the points from 
which the specimens are to be taken. 

Cylindrical specimens or those not having a plane surface 
shall be sectioned across the welds to obtain plane surfaces 
which shall include the full width of the weld. The plane sur- 
faces shall be polished to a bright, smooth condition which may 
be accomplished by riling or grinding and polishing with emery 
cloth and should be completed with the use of emery cloth of 
grade 00. The specimen shall then be etched by any method or 
solution which will reveal the defects without unduly exaggerat- 
ing or enlarging them (See Par. UA-85). 

As respects soundness, defects are defined as gas pockets, 
slag inclusion, lack of fusion, and cracks. Defects in specimens, 
other than cracks or lack of fusion, shall be permissible: 

(1) When there is slag inclusion between layers, substan- 
tially parallel with the plate surface and which is not more 
than one half the width of the weld metal. 

(2) When there is slag inclusion across the thickness of 
the plate not more than 10 per cent of the thickness of the 
thinner plate. 

(3) When there are gas pockets that do not exceed Vie 
in. in greatest dimension and when there are no more than 
six gas pockets of this maximum size per square inch of the 
weld metal or where the combined areas of a greater number 
of pockets do not exceed 0.02 sq in. per square inch of weld 
metal. 

When a specimen shows defects that are not permissible, two 
additional specimens may be cut from the same operator's work, 
at intervals to be determined by the inspector, on each side of 
the defective specimen. If the additional specimens are found 
to be not acceptable then more may be cut at intervals to be de- 
termined by the inspector until the limit of the defective weld- 
ing has been definitely established; or the manufacturer may 
radiograph adj acent joint lengths; or he may cut out and replace 
all the welding done by that operator without cutting out addi- 
tional samples. 

If more than one of the additional specimens or the radio- 
graphic film shows objectionable defects the vessels shall be 
rejected or the welds may be chipped or melted out from one 
or both sides of the joint as required and be rewelded. The re- 
moval of only that portion of the joint shown to be defective 
need be required. All replacement welds in joints shall be 
checked by repeating the original test procedure. 

81 



U-79 



SECTION VIII UNFIRED PRESSURE VESSELS 



Holes in plates formed by trepanning plug specimens shall be 
filled by the insertion and welding in of special filler plugs of 
which acceptable types are shown in Fig. U-19. Type (a) is 
adapted to welding from both sides and should be used wherever 
that method is practicable, and types (&) or (c) when access is 
possible only from one side. The diameter of the filler plug 
shall be such as to make a snug fit in the hole to be filled. 
Each layer of weld metal as deposited shall be thoroughly peened 
to reduce residual stresses. The l /i in. hole in the center of 
the plug shown in Fig. U-19 may be closed by any reasonable 
method. 

Where gas welding is employed, the area surrounding the 
plugs shall be preheated prior to its welding. 

If specimens are removed by other than the trepanning 
process the openings shall be closed as directed by the inspector. 




Fig. U-19 



Some Acceptable Types of Filler Plugs for. Closing 
Trepanned Holes 



Local radiographic examination may be substituted for the 
removal of specimens. The inspector shall designate the places 
to be radiographed. 

U-79 The cylinder or barrel of a drum or shell shall be 
circular at any section within a limit of 1 per cent of the mean 
diameter, based on the difference between the maximum and 
minimum mean diameters at any section,- and if necessary to 
meet this requirement shall be reheated, rerolled, or re-formed. 
To determine the difference in diameters, measurements may 
be made on the inside or the outside, and when the cylinder or 
barrel is made of plates of unequal thicknesses, the measurements 
shall be corrected for plate thicknesses as they may apply, to de- 
termine the diameters at the middle line of the plate thickness. 
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RULES FOR FORGE WELDING 

U-80 The plate for any part of a forge-welded vessel on 
which welding is done shall be of forge-welding quality in 
accordance with Specification SA-89. 

U-81 The minimum thickness of any shell plate shall be 
l /i in., but the thickness of shell plate shall be not less than the 
inside diameter of the vessel divided by 200. 

U-82 When properly welded by the forging process the 
strength of a joint may be calculated on a maximum unit 
working stress of SE = 8000 psi (See Par. U-20). 
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U-83 Corner Radius of Dished Heads. The corner radius 
of a dished head measured on the concave side of the head 
shall be not less than 6 per cent of the inside diameter of the 
head (See R y Fig. U-20A). 

U-84 For flanged heads dished concave to pressure the 
depth of flange measured from a point tangent to the radius of 
the head to the end of the flange shall be not less than 5 in. 
For heads dished convex to pressure the depth of flange so 
measured need not be more than 2 x / 2 in. 

U-85 Heating. The heating agent shall be suitably pre- 
pared water gas or other heating medium by which equivalent 
or superior results will be obtained and shall be applied to 
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both sides of the section and adjacent surfaces, and precaution 
shall be taken to see that the flame is of a character that will 
minimize the possibility of burning or oxidizing the metal and 
that it be free from all impurities which would tend to intro- 
duce foreign elements into the steel. The temperature of the 
flame for heating the surfaces shall be under constant and close 
control. 

TT-86 Welding, (a) The edges that are to be welded to- 
gether shall be lapped a distance at least equal to the thick- 
ness of the plate to be welded. All plates Vs in. in thickness 
and under shall be welded without scarfing; plates more than 
7 / 8 in. in thickness, if desired by the manufacturer, may be 
scarfed, the scarf to start at least one half the thickness of the 
plate from the side next to the weld. When the material has 
been brought to the proper welding temperature, it shall be 
placed between an anvil and a hammer, or between rolls, or 
mandrel and roll, or between mandrels, and the plates welded 
together by a pressure applied by the hammer, rolls, or mandrels, 
which will actually displace the material while the welding 
action is occurring. The metal in and adjacent to the weld shall 
not be worked at what is termed the critical blue-heat tempera- 
ture of the steel, that is, between about 400 and 800 F. 

(b) The thickness of the weld for all longitudinal and cir- 
cumferential seams or special welds (See Fig. U-20D) shall be 
as follows: minimum — /; maximum = t plus 15 per cent. 

(c) The contact line of a completed forge weld shall be 
equal to at least 2 l /i times the thickness of the plate (/) as shown 
in Fig. U-20D. 

TT-87 Stress-Relieving, (a) After welding, the vessel or 
cylinder shall be heated uniformly and the temperature 
increased slowly to at least 1100 F and held at that tempera- 
ture for a time at least proportional to one hour per inch 
of thickness and shall be allowed to cool slowly in still air. 
The structure shall be stress-relieved in accordance with the 
procedure given in Par. U-76. 

(b) If the vessel is not sufficiently rigid to retain its shape 
at the above temperature, the heating shall take place at 1000 F 
for a time at least proportional to three hours per inch of 
thickness. If any vessel has been distorted or deformed, it 
must be re-formed and then annealed, or re-formed at a proper 
annealing temperature. In a finished cylindrical shell the vari- 
ation in diameter shall not exceed 1 per cent of the mean 
outside diameter when measured at any section. When a 
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straight edge two diameters long is laid longitudinally on the 
outside of a shell, it shall be possible to so set the straight edge 
that no part of the edge will come farther than 1 per cent of the 
mean outside diameter from the outer surfaces of the shell. 

U-88 Openings for pipe connections to vessels having 
forged joints may be made by inserting pipe couplings, not ex- 
ceeding 3 in. pipe size, or similar devices, in the shell or heads 
and securing them by fusion welding, without necessitating the 
application of the paragraph number indicating welded con- 
struction as required by Par. U-66. The welding shall be done 
by operators who are qualified to weld vessels under the pro- 
visions of Par. U-69. 

(Par, U-Sp has been omitted) 

U-90 All dished heads may be attached to the shell by 
forge welding as shown in Fig. U-20A, or by riveting. (Note 
corner radius R referred to in Par. U-83.) 



RULES FOR BRAZING 

U-91 Material. Steel plates for the shells of brazed ves- 
sels shall be made by the open-hearth process and the thick- 
ness shall not exceed 3 / 8 in., except with the variation permitted 
by Par. 12 of Specification SA-70 plus 0.01 in. when the longi- 
tudinal seam is of the lap-joint type, nor 1 in. plus 0.02 in. 
when the longitudinal joint is of the double-strap butt-joint 
type. The material used in the fabrication of brazed vessels 
shall conform to any of the specifications mentioned in Par. 
U-71. 

TJ-92 When the safety of the structure does not depend 
upon the riveting in the joints, rivet holes may be punched 
full size. 

U-93 ^ Openings for pipe connections to vessels having 
brazed joints may be made by inserting pipe couplings, not 
exceeding 3 in. pipe size, or similar devices, into or on the shell 
or heads and securing them by fusion welding without necessi- 
tating the application of the paragraph number indicating 
welded construction as required by Par. U-66. The welding 
shall comply with the requirements for Par. U-69 vessels. 
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The welding shall be done by operators who are qualified to 
weld vessels under the provisions of Par. U-69. 

U-94 When properly brazed the strength of a joint may be 
calculated on a maximum unit working stress of SE — 90 per 
cent of the maximum allowable working stresses shown in Table 
LJ-2 for the materials provided for in Par. U-71. 

U-95 A longitudinal lap joint shall have the edges of the 
plate lapped a distance of not less than 8 times the thickness 
of the shell plate. -For double-strap butt-joint construction, 
the total amount of lap of the inner and outer straps shall 
be equal to at least 16 times the thickness of the shell plate, 
one half of which shall be on each side of the abutting edges. 
The width of these straps shall not differ more than 25 per 
cent of the width of the wider one. The laps shall be held 
closely in position substantially metal to metal by stitch riv- 
eting or other sufficient means. The brazing shall be done by- 
placing the flux and brazing material on one side of the joint 
and applying heat until this material comes entirely through 
the lap and shows uniformly along the seam on the other 
side. Sufficient flux must be used to cause the brazing mate- 
rial to so appear promptly after reaching the brazing tempera- 
ture. The brazing material used shall be such as to give a 
joint which has a shearing strength of at least 10,000 psi. 

When the brazed joint does not extend the full length of the 
sheet, the unbrazed edges may be welded, provided the length 
of the weld is not greater than 4/ {t = thickness of shell plate) 
from the edge of the flange of the head. When so constructed 
the vessel need not be stamped with the paragraph number as 
provided in Par. U-66. 

U-96 Head and Girth Joints. Heads shall be inserted 
into the shells with a tight drive or shrink fit and shall be 
thoroughly brazed. in approximately the same manner as the 
longitudinal seam for a depth or distance from the end of the 
shell equal to at least 4 times the thickness of the shell metal. 
When a vessel is fabricated with more than one course in the 
shell, the girth joint may be of either the lap or butt type. If 
of the latter type, the circumference of the abutting courses 
shall not differ by more than 0.20 per cent, and either inside 
or outside sleeves shall be used. In either case the lap over 
the end of each course shall be at least 4 times the shell thick*. 
ness. 

{Pars. U-97 to U-iog^ Rules for Enameled Vessels , have been omitted) 
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RULES FOR ELECTRIC-RESISTANCE BUTT WELDING 

U-110 The plate for any part of a vessel to be welded by 
electric-resistance butt welding shall be of a quality in accord- 
. ance with Specification SA-89. 

U-lll Where the entire area is welded simultaneously, 
without the introduction of extraneous metal, the maximum 
allowable unit working stress shall be 8000 psi. The finished 
weld shall be annealed preferably before removing from the 
welding machine. 

U-112 Where the weld is made progressively and con- 
tinuously over its entire length, the thickness of plate shall 
not exceed 0.15 in., and the offset of the edges, after welding, 
shall not exceed 60 per cent of the thickness of the plate. The 
maximum allowable unit working stress shall be 8000 psi. 

Prior to the welding operation by this method, the edges of 
the plate and the electrical-contact area shall be cleaned so as 
to free those surfaces from scale, oxide, or grease. 

U-113 For temperatures higher than 700 F, the working 
stress allowable on electric-resistance-welded joints shall be 
reduced in proportion to the scale of reductions given in Table 
U-3. _ 

U-114 Vessels, the joints of which are made by electric- 
resistance butt welding, shall be tested in accordance with Par. 
U-77. 



RULES FOR VESSELS SUBJECTED TO EXTERNAL PRESSURE 

These rules do not apply to vessels used in petroleum processing. They may not be 
used for determination of thickness of walls of tubes that are to be expanded^ rolled^ or 
screwed into tube sheets. 

U-120 Cylindrical Vessels Subjected to External Pres- 
sure, The rules for this class of vessels shall apply only to 
cylindrical vessels of the three types (either with or without 
stiffening rings) illustrated in Fig. U-21, when constructed of 
steel complying with one of the following specifications: 

S-4 Specifications for Seamless Steel Drum Forgings 

SA-30 Specifications for Boiler and Firebox Steel for Locomotives 
SA-53 Specifications for Welded and Seamless Steel Pipe 
SA 70 Specifications for Carbon-Steel Plates for Stationary Boilers and Other 
Pressure Vessels 
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SA-83 
SA-89 
SA-106 

SA-129 

SA-135 
SA-178 

SA-201 



Specifications for Lap-Welded and Seamless Steel and Lap-Welded 
Iron Boiler Tubes 

Specifications for Steel Plates of Flange and Firebox Qualities for Forge 
Welding 

Specifications for Lap-Welded and Seamless Steel Pipe for High- 
Temperature Service 

Specifications for Open-Hearth Iron Plates of FlangeQuality 
Specifications for ElectricTResistance- Welded Steel Pipe 
Specifications for Electric-Resistance-Welded Steel and Open-Hearth 
Iron Boiler Tubes 

Specifications for Carbon-Silicon-Steel Plates of Ordinary Tensile 
Ranges for Fusion-Welded Boilers and Other Pressure Vessels 
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Fig. U-21 Three Typical Forms of Unfired Cylindrical 
Vessels Subjected to External Pressure 

SA-202 Specifications for Chrome-Manganese-Silicon (CMS) Alloy-Steel 

Plates for Boilers and Other Pressure Vessels 
SA-203 Specifications for Low-Carbon-Nickel Steel Plates for Boilers and 

Other Pressure Vessels 
SA-204 Specifications for Molybdenum-Steel Plates for Boilers and Other 

Pressure Vessels 
SA-209 Specifications for Seamless Carbon-Molybdenum Alloy-Steel Boiler 

and Superheater Tubes 
SA-210 Specifications for Medium-Carbon Seamless Steel Boiler and Super- 
heater Tubes 
SA-212 Specifications for High-Tensile Strength Carbon-Silicon-Steel Plates 

for Boilers and Other Pressure Vessels (Plates 4V 2 In. and Under in 

Thickness) 
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LENGTH BETWEEN HEADS OR STIFFENING RING* * OUTSIDE DIAMETER (L/D) 

Fig. U-22 Chart for Determining Shell Thickness of Unfired Cylindri- 
cal Vessels Subjected to External Pressure When Constructed ofSteel 
Complying With Specifications S-4, SA-53, SA-70, SA-83, SA-89, SA-129 



U-120 



SECTION VIII UNFIRED PRESSURE VESSELS 



SA-225 Specifications for Manganese-Vanadium Steel Plates for Boilers and 

Other Pressure Vessels 
SA-250 Specifications for Electric-Resistance-Welded Carbon-Molybdenum 

Alloy-Steel Boiler and Superheater Tubes 
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Fig. U-23 Diagrammatic Representation of Variables tor Design 
of Unfired Cylindrical Vessels Subjected to External Pressure 



or of cast steel complying' with Specification SA-27 Grade B, 
and when operated at pressures not in excess of 500 psi, and 
temperatures not in excess of 650 F. Corrugated shells sub- 
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VESSELS SUBJECTED TO EXTERNAL PRESSURE U-121-125 

jected to external pressure may be used in unfired pressure 
vessels in accordance with Par. P-243 of Section I of the Code. 

U-121 Working pressure shall be the safe operating pres- 
sure which shall be the maximum possible difference in pres- 
sure between the outside and inside of the vessel at any time 
and shall be one fifth the collapsing pressure. 

U-122 Shell Thickness. The minimum required thick- 
ness of the shell plate shall be determined from the chart as 
shown in Fig. U-22. 

In this diagram the abscissas are L/D, the ordinates are 
working pressures, and the curves represent different values 
of t/D, where, as shown in Fig. U-23, 

L = length of vessel between centers of head seams or be- 
tween centers of circumferential stiffeners, inches, 
D = outside diameter, inches, 
t = minimum required thickness of shell plate, inches. 

U-123 In no case shall the external working pressure for 
which the vessel is designed be taken as less than 15 psi (corre- 
sponding to a collapsing pressure of 75 psi). 

U-124 Instructions for Use of Chart. To use the chart 
in Fig. U-22, the value of L/D is computed and, with the given 
working pressure, the corresponding value of t/D is read off. 
With this value of t/D, the required thickness / is found. 
When a vessel has an L/D ratio greater than 20, the same t/D 
ratio shall be used as for a vessel having an L/D ratio of 20. 

Example. Given: Pressure vessel 12 ft long between heads, 96 in. outside 
diameter, external working pressure 15 psi. 

Required: Thickness,/. 

Solution: L « 12 X 12 - 144 in. D - 96 in. L/D « 144/96 = 1.5. 

From Fig. U-22, for a working pressure of 15 psi and an L/D ratio of 1.5, the 
ratio t/D is found to be 0.0046. Therefore: / = 0.0046 X D = 0.0046 X 
96 = 0.44 in. 

U-125 Out-of-Roundness. The out-of-roundness, e, or dif- 
ference between the maximum and minimum diameters in 
any plane perpendicular to the longitudinal axis of the vessel 
expressed as a fraction of the shell thickness, shall not exceed * 
that given by the chart in Fig. U-24, except that on vessels hav- 
ing longitudinal joints of lap construction, the difference be- 
tween the maximum and minimum diameters may be as great 
as that given by the chart in Fig. U-24, plus the thickness of 
the plate (See also Par. U-136). Measurements shall be taken 
on the completed vessel in a sufficient number of planes to in- 
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Fig. U-24 Allowable Difference in Maximum and Minimum Diameters for Unfired Cylindrical Vessels 

Subjected to External Pressure 
(Maximum Diameter — Minimum Diameter = e.) 



VESSELS SUBJECTED TO EXTERNAL PRESSURE .TJ-12G-128 

sure that the entire surface of the shell meets the requirements. 
The maximum "out-of-roundness" allowed shall be de- 
termined from the actual thickness of the vessel minus the 
thickness, if any, added for a corrosion allowance. 

Example. Given: Pressure vessel considered in previous example. 

Required: Maximum out-of-roundness permitted. 

Solution: From Fig. U-24, for a t/D ratio of 0.0046 and an L/D ratio of 1.5, 
e is found to be 0.81 L 

This means that the difference between the maximum diameter D m ax and 
the minimum diameter Dmin (See Fig. U-25) in any plane perpendicular to 
the longitudinal axis of the vessel shall not exceed 0.81 of the shell thickness. 

U-126 Stiffening Rings. Circumferential stiffening rings 
composed of bars or structural shapes secured to the shell of 
the vessel may be used, in which case the distance L may be 
considered as the length measured parallel to the axis of the 
vessel between the centers of adjacent stiffening rings, pro- 




Fig. U-25 Examples of Variation From Circular Form in Unfired 
Cylindrical Vessels Subjected to External Pressure 

vided the moment of inertia of the rings is not less than that 
obtained from the chart in Fig. U-26. 

U-127 Stiffening rings shall extend completely around 
the circumference of the vessel. Any joints between the ends 
or sections of such rings as shown at C, D> F y and G in Fig. 
U-27, and any connections between adjacent portions of a 
stiffening ring lying inside and outside the shell as shown at 
H in Fig. U-27, shall be so made that the full stiffness of the 
ring is maintained. 

U-128 Stiffening rings placed on the inside of a vessel 
may be arranged as shown at A and B in Fig. U-27, provided 
the moment of inertia required by Fig. U-26 is maintained 
within the sections indicated. The moment of inertia of each 
section shall be taken about its own neutral axis. However, 
any gap in that portion of a stiffening ring supporting the 
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OUTSIDE DIAMETER, INCHES 

Fig. U-26 Required Moment of Inertia of Stiffening Rings for Unfired Cylindrical Vessels Subjected 

to External Pressure 



500 



VESSELS SUBJECTED TO EXTERNAL PRESSURE 



U-128 



shell, as shown at A and E in Fig. U-27 3 shall not exceed the 
length of arc given in Fig. U-28 unless additional reinforcement 
is provided as shown at H in Fig. U-27. 

Example. Given: Pressure vessel 50 ft long, 200 in. putside diameter, work- 
ing pressure 40 psi; to be stiffened by circumferential rings. 




This section shall have A 
moment of inertia I 
required for ring 



Lengthofany gapin \ 
unsupported shell \ 

no t to exceed /engrft? \ 
ofarcshowninhg,U-28~^ 



Section 
J-K 




Fig, U-27 Various Arrangements of Stiffening Rings for Unfired 
Cylindrical Vessels Subjected to External Pressure 



Required: Thickness /, best frame spacing L, proportions of stiffening rings, 
and allowable out-of-roundness. 

Solution: If it is desired to use a minimum plate thickness (which will usually 
be the most economical design), the vessel must be designed with the lowest 
permissible t/D ratio for the working pressure of 40 psi. From the 
chart in Fig. U.-22 it will be found that this t/D ratio is 0.0038, and the corre- 
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Fig. U-28 Maximum Arc of Shell Left Unsupported Because of Gap in Stiffening Ring of Unfired 
Cylindrical Vessels Subjected to External Pressure 
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sponding maximum L/D ratio is 0.25. Then, / = 0.0038 X D » 0.0038 X 
200 = 0.76 in., and L = 0.25 X D = 0.25 X 200 « 50 in. It should be noted 
that any further reduction of the L/D ratio below 0.25 does not lower the t/D 
ratio. Therefore, a spacing of stiffening rings at 0.25 D or 50 in. is the smallest 
that can be used to advantage. 

The moment of inertia or the stiffening ring is obtained from Fig. U-26. 
For L X P = 50 X 40 « 2000, and a diameter D of 200 in., / is found to be 96 
in. 4 A 9-in., 30-lb I-beam is shown in standard handbooks to have a moment 
of inertia/ about the neutral axis perpendicular to the web, of 101.4 in. 4 Such 
a beam is satisfactory. Stiffening rings must be placed every 50 in. along the 
vessel, and the shell plate must be not less than 0.76 in. in thickness. 

The maximum out-of-roundness permitted is obtained from Fig. U-24. 
For zt/D ratio of 0.0038 and an L/D ratio of 0.25, e is found to be 0.6/. That is, 
the difference between the maximum diameter D m «x and the minimum diame- 
ter Anin in any plane perpendicular to the axis of the vessel shall not exceed 
0.6 X 0.76 = 0,46 in. (approximately). 
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Fig. U-29 Some Acceptable Methods of Attaching Stiffening Rings to 
Shells of Unfired Cylindrical Vessels Subjected to External Pressure 

U-129 Particular attention is called to the fact that any 
arrangement of the structure which does not permit uniform 
radial contraction of the shell will weaken the vessel. Internal 
radial stays or supports for any purpose shall not bear against 
the shell of the vessel except through the medium of a sub- 
stantially continuous ring. 

IM30 Attachment of Stiffening Rings to Shell. Stiffen- 
ing rings, if used, may be placed on the inside or outside of a 
vessel and they may be attached to the shell by riveting or 
welding. If the rings are outside and are riveted, the nominal 
diameter of the rivets shall be not less than the thickness of 
the shell plate and the center-to-center distance of the rivet 
holes shall not exceed that shown in Fig. U-29. 
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U-131-136 SECTION VIII UNFIRED PRESSURE VESSELS 

U-131 If the rings are outside and are welded, the total 
length of the welding on either side of the stiffening ring shall 
be not less than one half the outside circumference of the 
vessel. The arrangement and spacing of such welds, if of the 
intermittent type, shall be in accordance with Fig. U-29. 

U-132 Stiffening rings placed on the inside of a vessel 
shall be in adequate contact with the shell and sufficiently 
secured to the shell to hold them in their proper position 
under any normal condition of operation. 

U-133 All welding for attachment of stiffening rings 
shall comply with the requirements of the Code for the type 
of vessel in question. 

11-134 Supports. The supports for a vessel shall be such 
that no concentrated loads are imposed which would cause 
.deformation of the vessel in service exceeding the limits of 
out-of-roundness permitted by these rules. 

Note: Attention is called to the objection of supporting vessels through 
the medium of legs or brackets, the arrangement of which may cause concen- 
trated loads to be imposed on the shell. Vertical vessels should be supported 
through a substantial ring secured to the shell. Horizontal vessels, unless sup- 
ported at or close to the ends (heads) or at stiffening rings, should be supported 
through the medium of substantial members extending over at least one third 
of the circumference, as shown at K in Fig. U-27. 

Attention is called also to the danger of imposing highly concentrated loads 
by the improper support of one vessel on another or by the hanging or supporting 
of heavy weights directly on the shell of the vessel. 

U-135 Heads. The design of the heads shall comply with 
the requirements for dished or flat heads as given in Pars. 
U-36 and U-39. Attention is called to the allowable pres- 
sure on a dished head when the pressure is on the convex side. 

U-136 Longitudinal Joints. Longitudinal joints may be 
of any type permitted by these rules, except that if a lap 
joint is used, either riveted, welded, or brazed, the allowable 
working pressure shall be 50 per cent of that computed by the 
rules given herein. Longitudinal joints, if riveted, shall have 
an efficiency of 50 per cent or greater and in no case less than 

PD 
S2t 

where P = working pressure, pounds per square inch, 
D — outside diameter, inches, 
S = working stress, pounds per square inch, given in 

Table U-2, 
t = minimum required thickness of shell plate, inches. 
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VESSELS SUBJECTED TO EXTERNAL PRESSURE U-137-140 

U-137 Circumferential Joints. Circumferential joints may- 
be of any type permitted by these rules. The strength of 
riveted circumferential joints shall be sufficient, considering all 
methods of failure, to resist the total longitudinal force acting 
on the joint with a factor of safety of 5. 

U-138 Nozzle Openings. Unreinforced openings in the 
shell shall conform to the requirements of Par. U-59(a) where 

K __ thickness required by Fig. U-22 
actual thickness of shell 

Reinforced openings in the shell shall conform to the re- 
quirements of Par. U-59(e) where if is thickness required by Fig, 
U-22. 



RULES FOR CONTAINERS FOR GASES AND LIQUIDS AT 
TEMPERATURES OF —20 F AND BELOW 

These rules cover containers for noncorrosive gases and liquids which have no 
deleterious effect on the steel of the vessel^ which co?Jtainers may be used for the lique- 
faction or gasification of solid carbon dioxide. They do not apply to vessels de- 
signed for atmospheric or higher temperatures^ nor do they apply to vessels in which 
thermal stresses imposed by the conditions of operation will be an important factor, 

U-140 Special Seamless Containers, (a) These con- 
tainers shall not be used under conditions where there is danger 
of having holes made in the shell. 

The material shall conform to Specification SA-53 with the 
following additional minimum requirements as to tensile 
properties: 



Min Tensile Strength, 
Psi 


Elongation in 2 In. 
Per Cent 


62,000 
75,000 
90.000 


25 

22V» 

18 



(b) In addition to complying with the test requirements in 
(a), specimens for each impact test shall be cut from one con- 
tainer selected, after heat-treatment, from each 100 containers 
or each heat, or each heat-treating batch, whichever is the 
smaller, and shall meet the impact tests as described in Par. 
U-142. Each impact test shall be the average of three speci- 
mens. 

(c) Design. The containers shall consist of a seamless ves- 
sel in which there are no holes except as herein provided. The 



U-140 



SECTION VIII UNFIRED PRESSURE VESSELS 



end or head to which any attachments are made shall be 
thicker than the shell portion. Two acceptable forms for 
solid carbon-dioxide containers for use with removable cover 
plates to provide filling openings and discharge gas openings 
which shall not exceed 8 /* in. standard pipe size are shown in 
Fig. U-30. The thickness of the vessel shall be gradually in- 



^ = 



r 



Standard 
Pipe Size 





Standard 
Pipe Size 




Fig. U-30 Typical Sections of Containers for 
Liquefaction of Solid Carbon Dioxide 

creased near the head in order to avoid stress concentrations, and 
any openings shall be placed in the thickened part at or near the 
head at a point where the calculated stress before piercing 
is not more than one half the maximum allowable stress. 

The containers shall otherwise be designed in accordance 
with all provisions of the other requirements of this Code using 
the formula in Par. U-20, except that the maximum S factor 

shall not exceed: 

Psi 

For 62,000 lb Grade B steel 15,500 

For 75,000 lb Grade C steel 18,750 

For 90,000 lb G ade I) steel 22,500 

There shall not be any welding on seamless containers. 
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VESSELS AT SUBZERO TEMPERATURES U-141-142 

U-141 Other Containers, (a) Containers fabricated other 
than as specified in Par. U-140 shall conform with the require- 
ments given elsewhere in this Code, as they may apply, pro- 
vided that specimens cut from one container selected from 
each batch of 100 containers or less shall meet the impact 
tests as described in Par. U-142. Each impact test shall be 
the average of three specimens. 

(b) If of welded construction, containers shall be fabricated 
in accordance with the requirements of Par. U-68 and in addi- 
tion, impact tests on the base metal and welds shall meet the 
requirements of Par. U-142. The number of such impact 
tests shall be the same as the number of tensile tests required 
for material and size under Par. U-68. 

U-142 Impact Properties and Tests, (a) Temperature. 
Impact tests shall be run at the lowest temperature to which 
containers may be subjected during the operating cycle. 
The specimens shall be uniformly cooled by subjecting them to 
the test temperature for at least 30 minutes and the handling 
tongs shall be cooled similarly. The tests shall be made within 
8 seconds after removal from the cooling medium. 

(b) Tests and Test Specimens. ^ Charpy-type impact tests 
are preferred. However, where this^ type of machine is not 
available the Izod test may be substituted. The standard 10 
mm X 10 mm specimen shall be used where the thickness is 
Vie in. or greater, and for thinner material a similar specimen 
shall be used except that the dimension along the axis of the 
notch shall be reduced from 10 mm to the largest possible of 
7.5 mm, 5 mm, or 2.5 mm. 

(c) Details of CharpyTest. Charpy tests shall be made 
on a standard Charpy machine using a keyhole or equivalent 
notch specimen as shown in Fig. U-31. The impact properties 
shall conform to the following: 

Charpy Impact * Min Impact Value, 

Specimens, Keyhole Ft-Lb at Min 

or Equivalent Operating 

Notch Temperatures 

10 mm X 10 mm 15 

10 mm X 7.5 mm 12.5 

10 mm X 5 mm 10 

10 mm X 2.5 mm 5 

(d) Details of Izod Test. Izod tests shall be made on a 
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10 mm x 10 mm 
Full Width 
Charpy Impact 
Specimen 



lOmmx 7.5 mm 
% Width 
Charpy Impact 
Specimen 



10 mm y 5 mm 
! / z Width 
Chcrrpy Impact 
Specimen 



(Omm x 2.5 mm 
'/* Width 
Chcrrpy Impact 
Specimen 



2 "±0.010 

™-Z ->K- — & 

k- 1.575- 



%. 



— > 



^ f\6 .?36' f i0.00l* 



0.394 "±.. 
0.00!" 



ff0.S94 ,T i 
^ 0.001" 



-% 

^Striking Edge 
y ' No.47 Drill 0.295"±" 

a oo! " 



0.!97' r ±-'C\ 



0.00/ 



0.09d"±-: 
0.00/" '' 



K 



Equivalent Notch Specimens 



10 mm x /Omm 
Full Width 
Chcrrpy Impact 
Spec/men 



■ 2" ±0.010" 



ji 



7.5752 



_±_ 



*\0.236"±0.00? 
T 



0.394 rr ± — s 
0.001" H-H 



~Y0.394 n + 
I 0.001 " 



. "-Striking Edge 
Radius of No. 47 Drill 



Sides of Slot to be Perpend icu/ar to long Axis of 
Specimen and Tangent to Arc dtBoifomofSlot 

0.295 n ±-j£r> 
10 mm x 7.5mm 
- 2/4. Width 
Charpy Impact 
Specimen 



10 mm * 5mm 
! /2 Width 
Charpylmpact 
Specimen 



IT 



0.00 1 r 



0.197"+-: 
0.001" 



10mm x 2.5mm 
*/* Width 
Charpy Impact 
Specimen 

Fig. U-31 



IT 



0.098"±--l 
0.00/" 



Charpy Impact Test Specimens 
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U-142 



standard Izod machine using a V-notch specimen as shown in 
Fig. U-33. The impact properties shall conform to the follow- 
ing: 



Izod Impact 
Specimens, 
V-Notch 
10 mm X 10 mm 
10 mm X 7.5 mm 
10 mm X 5 mm 
10 mm X. 2.5 mm 



Min Impact Value, Ft-Lb 

at Min Operating 

Temperatures 

18 

15 

10 

4 



U0"± 0.020" 
^»*^. f0M6»^ r00l0 ,, Rad _ 



/Omm x I Omm 
Full Width 
Izod Specimen 



10 mm x 1.5mm 
Faff Width 
Izod Specimen 



0.3/5"±0.00/" 



2.95"± 0.0/0 . 



or to Suit Testing Machine 
— v 



O.J34"t-^ 

0.00/"\<-*-H 



Tb. 3 94" t 
±0.0 Of" 



0.295 ,r i'0\^j 

0.00 1" r ^ 



10 mm x 5 mm 
Fu/f Width 
Izod Specimen 



0J97"i'V\- w 
0.001" ** K " 



/Omm x 2.5mm 
Fa// Width 
Izod Specimen 



ao&8 r 't'l 
0.00/" "* 



Fig. U-32 Izod Impact Test Specimens 



(e) Number op Impact Tests Required. The number of 
specimens to be tested shall be as provided in Par. U-141, and 
each impact test shall consist of three specimens, each of which 
shall meet the minimum requirements. Where an erratic 
result indicates a defective specimen or other unusual condi- 
tion, a retest will be allowed. 

(f) Location and Heat-Treatment of Test Bars. The 
length of the impact bar shall be taken parallel to the "direction 
of the expected maximum stress for both seamless and welded 
containers. The required test bars are to* be taken from the 
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ends of a seamless container before the shell is thickened for 
closure, and for the welded containers they shall be taken from 
the test plates required for each container under Par. U-68. 
In the case of a welded container one set of impact bars shall 
be taken across the weld with the notch in the weld metal and 
one set shall be similarly taken but with the notch in the adj acent 
metal in the heat-affected zone. All tests are to be run on 
bars heat-treated in equivalent section and in exactly the same 
manner as are the containers, and bars shall be heat-treated 
before machining. The procedure for producing such bars 
shall be similar to that used for making the member. 

U-143 Safety Devices. The safety relief device or devices 
shall comply with the requirements of Par. U-2, and Pars. U-3 
to U-10 shall not apply. 

U-144 Stamping. The stamping required by Par. U-66 
shall be applied at some thickened or reinforced portion of the 
vessel. 
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APPENDIX 

Explanatory of the Code and containing^ matter which is not manda- 
tory unless specifically referred to in the rules of the Code, 



TABLE UA-1 STEEL PIPE FLANGES AND FLANGED FITTINGS 

FACING DIMENSIONS FOR 150-, 300-, 400-, 600-, 900-, 1500-, AND 2500-LB FLANGES 

The following table is taken from ASA B16e-1939 
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pipe 
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female and 
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size, 
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groove 3 ' 6 
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in. 
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in. 
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10"/ xfl 
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10 
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10 Vi 


12 


11 'A 
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12 
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12V2 
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15 3 A 
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Height, raised face, 150 and 300 lb stds.i i/ie in. 

Height, raised face, large and small male and tongue, 400, 600, 900, 1500, and 2500 lb stds. 2 1/4 in. 

Depth of groove or female 3 /ib in. 

1 Regular facing for 150- and 300-lb steel flanged fittings and companion flange standards is a 1 /i«-in. raised face included in the mini- 
mum flange thickness dimensions given in Table UA-2. A i/is-in. raised face may be supplied also on the 400-, 600-, 900-, 1500-, and 2500- 
lb flange standards, but it must be added to the minimum flange thickness. 

2 Regular facing for 400-, 600-, 900-, 1500- , and 2500-lb flange standards is a * /^in. raised face, not included in minimum flange thickness 
dimensions. 

3 A tolerance of plus or minus 0.016 in. (i/s4 in.) is allowed on the inside and outside diameters of all facings. 

4 For small male and female joints care should be taken in the use of these dimensions to insure that pipe used is thick enough to permit 
sufficient bearing surface to prevent the crushing of the gasket. The dimensions apply particularly on lines where the joint is made on 
the end of pipe. Screwed companion flanges for small male and female joints are furnished with plain face and are threaded with American 
Standard Locknut Thread. 

6 Gaskets for male-female and tongue-groove joints shall cover the bottom of the recess with minimum clearances taking into account 
the tolerances prescribed in Note 3. 

The bolting and nut material called for by the American Standard shall be used. 




Large Male- Female 




Small Male-Feinoile 
On End of Pioe 




Small Male- Female 








m 







Large Tongue- Groove 



Small Tonojue- Groove 



^J 



Fio. UA-1 Typical Facings (for Dimensions See Table UA-1) 
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TABLE UA-2 STEEL PIPE FLANGES AND FLANGED FITTINGS 

DIMENSIONS OF FLANGES FOR PRIMARY SERVICE PRESSURE RATING 
The following table is taken from ASA B16e-1939 





1501b 




Flanges 


Fittings 


Welding Neck Flanges 


Nominal 

pipe 


Outside 


Thickness of flange 








Metal 
thick- 
ness of 
fitting, 
m in, in. 


Face-to- 








Inside 
diam of 
pipe sched- 
ule 40M 


size, 
in. 


diam 

of 
flange, 

in. 


Loose 

flanges, 

min, 1 

in. 


Figged 

fittings, 

min, a 


Diam 
of bolt 
circle, 

in. 


Num- 
ber of 
bolts 


Size 

of 

bolts, 

in. 


face 
dimen- 
sion of 
length 


Diam 

of 
hub 


Hub diam 
beginning of 
chamfer4»6»6 


Length 

through 

hubi 








m. 










of tee, in. 












O 


Q 














X 


H 


Y 


J 


v» 


3Va 


Vie 




23/ 8 


4 


V* 


.. 




IVw 


0.84 


IVs 


0.62* 


3 A 


3Vs 


Vi 




2*A 


4 


V* 






IV* 


1.05 


2V« 


0.82* 


l 


4V« 


Vm 


V» 


3Vs 


4 


Vi 


V* 


7 


i»A« 


1.32 


2V« 


1.05* 


IV* 


4Vi 


Vt 


Vj 


3Va 


4 


Vi 


V* 


7Vt 


2V« 


1.66 


21/4 


1.38* 


1V« 


5 


n/ie 


•/» 


3Vs 


4 


Va 


V* 


8 


2V" 


1.90 


2V« 


1.61* 


2 


6 


»/4 


«/■ 


4»A 


4 


«/• 


V* 


9 


3i/« 


2.38 


2V* 


2.07* 


t-j 2Vx 


7 


v» 


"A« 


5Vi 


4 


Vs 


Vi 


10 


3V» 


2.88 


2V* 


2.47* 


S 3 


7Vt 


w/w 


'A 


6 


4 


Vs 


M< 


11 


4iA 


3.50 


2*A 


3.07* 


<° 3V« 


8Vi 


»/ll 


"A« 


7 


8 


V« 


1/4 


12 


4"A* 


4.00 


2i«/« 


3.55* 


4 


9 


»/m 


"/« 


7V 2 


8 


5 A 


Vi 


13 


6V»i 


4.50 


3 


4.03* 


5 


10 


"/« 


»A« 


8V2 


8 


M* 


Vn 


15 


6Vw 


5.56 


3Vi 


5.05* 


6 


11 


1 


l 


9*A 


8 


V* 


Va 


16 


7«/i6 


6.63 


3Vi 


6.07* 


8 


13i/ 3 


iVs 


IVs 


ii"A 


8 


v« 


"<» 


18 


9«/i6 


8.63 


4 


7.98* 


10 


16 


IV" 


IVw 


14V* 


12 


Vi 


«/ffl 


22 


12 


10.75 


4 


10.02* 


12 


19 


IV* 


IV* 


17 


12 


v. 


V» 


24 


14'A 


12.75 


4Vi 


... 


14 OD 


21 


!"/■ 


l'A 


18*A 


12 


1 


"As 
Vw 


28 


15V* 


14.00 


5 


■ To be 


16 OD 


23Va 


1V« 


IV" 


21V< 


16 


1 


30 


18 


16.00 


5 


specified 


18 OD 


25 


IVw 


IVw 


22V* 


16 


IV. 


"/« 


33 


19V« 


18.00 


5Vj 


by 


20 OD 


27V2 


l"/l6 


i"A« 


25 


20 


IVs 


M J 


36 


22 


20.00 


5"/w 


purchaser 


24 OD 


32 


IVs 


IV. 


29V2 


20 


1V« 


v» 


44 


26V» 


24.00 


6 





1 The raised face of Vis in. is included in "thickness of flange minimum" and in "length through hub." 

a The raised face of Vi in. is not included in "thickness of flange minimum" nor in "length through hub" or in "thread length." 
» A raised face of Vie in. is provided on the flange of each opening of these fittings and is included in (a) "thickness of flange, minimum," 
(b) "center to contact surface," and (c) "contact surface to contact surface" dimensions. 

4 The outside surface of the welding end of the hub shall be straight or tapered at not more than 6 deg. 

* Dimensions H and J correspond to the outside and_ inside diameters of pipe as given in ASA B36.10-1935, Schedule 40. 
" 8 See Par. 21, Tolerance for Welding Neck Flanges.'in the Introductory Notes of the ASAB16e-1939. 

* These diameters are identical with the diameters of what was formerly designated as "Standard Weight Pipe" of the corresponding sizes. 
The thickness of flange minimum dimensions for these loose flanges, sizes 3Va in- and smaller, are slightly heavier than for the flanges on 

the fittings which are reinforced by being cast integral with the body of the fitting. 



TABLE UA-2 {Continued) 





300 lb 




Flanges 


Fittings 


Welding Neck Flanges 


Nominal 


























pipe 
size, 
in. 


* Outside 

diam of 

flange, 

m. 


Thick- 
ness of 
flange, 
min, 1 


Diam 

of bolt 

circle, 

in. 


Num- 
ber of 
bolts 


Size 
of 

bolts, 
in. 


' Metal 
thick- 
ness of 
fitting, 


Face-to- 
face 
dimen- 
sion of 
length 


Diam 

of 
hub 


Hub diam 
beginning of 
chamfer*>6»7 


Length 

through 

hub* 


Inside 
diam of 
pipe, sched- 
ule 40 5 » 6 > 7 


Inside 
diam of 
pipe, sched- 
ule 806.5.7 




O 


in. 


Q 






min, in. 


of tee, in. 


X 


H 


Y 


J 


J 


X A 


3*/< 


Via 


2Vs 


4 


v» 






PA 


0.84 


2Vw 


0.62* 


0.551 




8 A 


4*A 


Vs 


3iA 


4 


E A 




... 


1V» 


1.05 


2V* 


0.82* 


0.74 




l 


47s 


»A« 


3V2 


4 


V» 


V* 


8 


2Vs 


1.32 


2V« 


1.05* 


0.96 




IV* 


5V* 


3 A 


37b 


4 


5 A 


V* 


87* 


2Vi 


1.66 


2Vu 


1.38* 


1.28 




iVi 


6V« 


«/l6 


4Vz 


4 


V* 


V* 


9 


2V* 


1.90 


2"/" 


1.61* 


1.50 




2 


6Vj 


Vs 


5 


8 


B A 


V* 


10 


3Vw 


2.38 


2V* 


2.07* 


1.94f 


2V* 


7V* 


1 


5Vt 


8 


V* 


V* 


11 


3»/m 


2.83 


3 


2.47* 


2.32f 


3 


8V* 


1V» 


6Vb 


8 


V* 


Va 


12 


4Vs 


3.50 


3Vs 


3.07* 


2.90| 


3Vs 


9 


IV" 


7 1 /* 


8 


V* 


V32 


13 


5V* 


4.00 


3V" 


3.55* 


3.36| 


4 


10 


1V4 


7Vs 


8 


V* 


V» 


14 


5V4 


4.50 


3V« 


4.03* 


3.83f 


5 


11 


i'A 


9V« 


8 


3 A 


V* 


16 


7 


5.56 


3Vi 


5.05* 


4.81f 


6 


12Vs 


1V« 


10Vs 


12 


V* 


3 A 


17 


8Vs 


6.63 


3Vs 


• 6.07* 


5.76f 


S 


15 


lVa 


13 


12 


Vs 


Vie 


20 


10V* 


8.63 


4Vs 


7.98* 


7.63f 


10 


17V3 


iVi 


15V* 


16 


1 


Vt 


23 


12V« 


10.75 


4V 8 


10.02* 


• . . . 


12 


20V* 


2 


17V* 


16 


IV* 


v» 


26 


14V* 


12.75 


5Vs 








14 OD 


23 


2Vs 


20V* 


20 


lVs 


Vs 


30 


16V* 


14.00 


5Vi 


To be 


To be 


?QOD 


25V2 


2V4 


22V* 


20 


IV4 


»/« 


33 


19 


16.00 


53A 


speci- 


speci- 


18 OD 


28 


2»A 


243A 


24 


IV* 


V* 


36 


21 


18.00 


6V* 


fied by 


fied by 


20 OD 


30Vs 


2V* 


27 


24 


IV* 


"As 


39 


23Vb 


20.00 


63/ 8 


pur- 


pur- 


24 OD 


36 


2V* 


32 


24- 


IV* 


»/« 


45 


27Vs 


24.00 


6Va 


chaser 


chaser 



* This outside surface of the welding end of the hub shall be straight or tapered at not more than 6 deg. 

8 Dimensions H and J correspond to the outside and inside diameters of pipe as given in- ASA B36. 10-1935, Schedules 40 and 80. Purchaser's 
order must specify which of these two inside diameters is desired. 

6 See Par. 21, Tolerance for Welding Neck Flanges, in the Introductory Notes. 

7 These flanges are regularly bored to match inside diameter of Schedule 40 pipe, but are bored to Schedule 80 pipe when so ordered. 

* These diameters are identical with the diameters of what was formerly designated as "Standard Weight Pipe" of the corresponding sizes. 
t These diameters are identical with the diameters of what was formerly designated as "Extra Strong Pipe' of the corresponding sizes. 



TABLE TJA-2 {Continued) 





400 lb 




Flanges 


Fittings 


Welding Neck Flanges 


Nominal 
pipe 


Outside 
diam 


Thick- 
ness of 


Diam 


Num- 
ber of 
bolts 


Size 


Metal 
thick- 
ness of 
fitting, 


Face-to- 
face 


Diam 


Hub diam 


Length 


Inside 


Inside 




of 


flange, 


of bolt 


of 


dimen- 


of 


beginning of 


through 


pipe, sched- 
ule 40 5 > 6 > 7 


pipe, sched- 
ule SOs.8.7 




flange, 
in. 


min, 1 
in. 


circle, 
in. 


bolts, 
in. 


sion of 
length 


hub 


chamfer4» s i7 


hubi 














mm, in. 


of tee, in. 














O 


Q 












X 


H ' 


Y 


J 


J 


* v* 


3V* 


Vie 


2V» 


4 


72 


74 


6V2 


172 


0.84 


27k 


0.62** 


0.55f 


* 74 


4Va 


5 /8 


3V4 


4 


5/8 


74 


772 


l'A 


1.05 


274 


0.82** 


0.74t 


*1 


4V« 


"/« 


3Vi 


4 


7. 


74 


87a 


27s 


1.32 


2Vi6 


1.05** 


0.96t 


*1V* 


5V4 


»/» 


37s 


4 


5/8 


74 


9 


272 


1.66 


27a 


1.38** 


1.28t 


*1V* 


6Va 


7 /a 


47s 


4 


74 


74 


91/2 


274 


1.90 


2 V4 


1.61** 


1.50f 


*2 


6Va 


1 


5 


8 


78 


Via 


1172 


37u 


2.38 


2Va 


2.07** 


1.94f 


*2Vi 


77s 


lVs 


5V« 


8 


74 


7a 


13 


3»/« 


2.88 


3Va 


2 47** 


2.32f 


*3 


8V* 


l l A 


6s/s 


8 


■'A 


7s 


14 


47a 


3.50 


374 


3.07** 


2.90t 


*3V* 


9 


lVs 


71A 


8 


7s 


7l6 


15 


57* 


4.00 


37s 


3.55** 


3.36f 


4 


10 


1»A 


77s 


8 


7s 


7s 


16 


574 


4.50 


3V 2 


4.03** 


3.83f 


5 


11 


IV2 


974 


8 


7« 


V» 


18 


7 


5.56 


4 


5.05** 


4.81f 


*6 • 


12V2 


17s 


107s 


12 


7s 


Vii 


1972 


87s 


• 6.63 


47ib 


6.07** 


5.76f 


8 


15 


lVs 


13 


12 


1 


»A« 


2372 


1074 


8.63 


47a 


7.98** 


7.63f 


10 


17V2 


2V» 


157* 


16 


17s 


"A« 


2672 


12Vs 


10.75 


47s 


10.02** 




12 


20Vi 


2i/4 


1774 


16 


174 


8 A 


30 


147i 


12.75 


57« 




... 


14 OD 


23 


23/ 3 


20V 4 


20 


17« 


»/» 


327* 


I6V4 


14.00 


57s 


To be 


To be 


16 OD 


25Vi 


21/2 


22V 2 


20 


17s 


Vi 


357i 


19 


16.00 


6 


specified 


specified 


18 OD 


28 


2V» 


24V 4 


24 


17> 


*A« 
IV11 


387! 


21 


18.00 


6i A 


by 


by 


20 OD 


30Vx 


2V4 


27 


24 


17* 


41i/ 2 


23Va 


20.00 


67a 


purchaser 


purchaser 


24 OD 


36 


3 


32 


24 


PA 


IVk 


4872 


277a 


24.00 


67a 







* The dimensions given and the marking for sizes 1/2 to 31/2 in., inclusive, are identical with those of the 600 lb flanges. 
** These diameters are identical with the diameters of what was formerly designated as "Standard Weight Pipe" of the corresponding sizes. 



TABLE UA-2 (Continued) 



fcO 





600 lb 








Flanges 






I Fittings 


Welding Neck Flanges 


Nominal 






















pipe 


Outside 

diam 


Thick- 
ness of 


Diam 


Num- 


Size 

of 
bolts. 


Metal 


Face-to-face 


Diam 


Hub diam 


Length 
through 

hub* 


Inside 


size, 


of 


flange, 
min, a 


of 


ber 


thickness 


dimension 


of 


of 


diam 


in. 


flange, 
in. 


bolt 


of 


of fitting 


of length 


hub 


beginning of 


of 




in. 


circle, 


bolts, 


min, 


oftee, 




cha mf er*> 6 » * 




pipe 8 




O 


Q 


in. 


in. 


in. 


in. 


in. 


X 


H 


Y 


J 


M 2 


3V4 


•/» 


2«/i 


4 


Vt 


»A 


6V» 


iVi 


0.84 


2Vm 




*A 


4Vs 


Vs 


3Vi 


4 


Va 


y* 


7Va 


IV. 


1.05 


21/4 




i 


4Vs 


»/» 


31/s 


4 


■/■ 


v« 


8Vi 


2V« 


1.32 


2V« 




1V4 


5V* 


13 /X6 


3Vt 


4 


Vs 


y* 


9 


2Vi 


1.66 


2Vt 




Wi 


6V» 


V* 


' 4i/j 


4 


'A 


»A 


9 1 /! 


2*A 


1.90 


2V4 




2 


6Vi 


1 


5 


8 


y« 


v» 


HVa 


3Vm 


2.38 


2T/ 8 


To be 


2Va 


7V 2 


iy. 


5Vi 


8 


3 A 


v« - 


13 


3"/« 

4y 8 


2.88 


3Vt 


specifiei 


3 


8Vi 


iy< 


ey» 


8 


•A 


Vs 


14 


3.50 


31/4 


by 


3Y* 


9 


iy« 


71/4 


8 


v» 


v« 


15 


51/4 


4.00 


33/ 8 


purchase 


4 


103/4 


IV: 


■8Vi 


8 


v. 


v* 


17 


6 


4.50 


4 




5 


13 


1V4 


ioy a 


8 


1 


Vi« 


20 


7V» 


5.56 


41/i 




6. 


14 


IV. 


ny 2 


12 


1 


■A 


22 


8'A ' 


6.63 


4Vi 




8 


16V* 


3>/i. 


13V* 


12 


lVa 


'A 


26 


103/4 


8.63 


51/4 




10 


20 


21/1 


17 


16 


iy* 


Vs . 


31 


131/j 


10.75 


6 




12 


22 


2Vi 


19*A 


20 


i»A 


1 


33 


153/4 


12.75 


6Vt 




14 OD 


233/4 


2V* 


20V4 


20 


lVt 


iy. 


35 


17 


14.00 


6i/a 




16 OD 


27 


3 


233/4 


20 


iy» 


iy* 


39 


19Vi 


16.00 


7 




18 OD 


291/4 


31/4 


25>A 


20 


lVa 


13/. 


43 


2iy a 


18.00 


W* 




20 OD 


32 


3V« 


28V* 


24 


IV* 


iy* 


47 


24 


20.00 


7Va 




24 OD 


37 


4 


33 


24 


IV. 


l'A 


55 


28V4 


24.00 


8 





TABLE UA-2 (Continued) 





900 lb 




Flanges 


Fittings 




Welding Neck Flanges 




Nominal 


Outside 


Thick- 




















pipe 


diam 


ness of 


Diam 


Num- 




Metal 


Face-to-face 




Hub diam 




Inside 


size, 


of 


flange, 


of 


ber 


Size 


thickness 


dimension 


Diam 


of 


Length 


diam 


in. 


flange, 


mm, 1 


bolt 


of 


of 


of fitting 


of length 


of 


beginning of 


through 


of 




in. 


m. 


circle, 
in. 


bolts, 

'in. 


bolts, 
in. 


mm, 
in. 


of tee, 
in. 


hub 


chamfer* » 5 » * 


hub* 


pipe* 




O 


Q 












X 


H 


Y 


J 


• Ve 


4»A 


Va 


3Vi 


4 


*/* 


Vis 


87: 


17: 


0.84 


27s 




* V* 


67s 


1 


3V2 


4 


M 4 


Vis 


9 


17* 


1.05 


27* 




*1 


5V« 


lVs 


4 


4 


7 >> 


Va 


10 


27» 


1.32 


27s 




*iy* 


6V* 


lVa 


4'A 


4 


7i 


7a 


11 


27: 


1.66 


27s 




*1Vi 


7 


1>A 


47* 


4 


1 


7» 


12 


27* 


1.90 


37* 




*2 


87: 


lVs 


67* 


8 


7. 


Vie 


1472 


47s 


2.38 


4 




*2Vi 


9Vi 


>iy 8 


77: 


8 


1 


»Aa 


167: 


47i 


2.88 


47s 


To be 
specified 

by 
purchaser 


3 


9V» 


pa 


77: 


8 


M 8 


M* 


15 


5 


3.50 


4 


4 
5 


117: 
13'A 


i* 


97* 
11 


8 
8 


17s 
IV4 


7* 


18 
22 


67* 
77: 


4.50 
5.56 


47a 
5 


6 


15 


2Vm 


127i 


12 


17. 


»/l6 

I7ie 


24 


97* 


6.63 


57: 




8 


187: 


2V: 


157: 


12 


iVi 


29 


117* 


8.63 


67s 




10 


21V: 


. 2V« 


187: 


16 


178 


17* 


33 


147: 


10.75 


774 




12 


24 


3V« 


21 


20 


17s 


17« 


38 


167: 


12.75 


77s 




14 OD 


25V* 


3*A 


22 


20 


17: 


17m 


407: 


1774 


14.00 


87s 




16 OD 


27»A 


3i/i 


247* 


20 


17s 


i»As 


447: 


20 


16.00 


87i 




18 OD 


31 


4 


27 


20 


17s 


2 


48 . 


227< 


18.00 


9 




20 OD 


33'A 


4V* 


*297i 


20 


2 


27* 


52 


247: 


20.00 


974 




24 OD 


41 


57: 


357: 


20 


27: 


27s 


61 


297: 


24.00 


1172 


:ssis= — 



* The dimensions given and the marking for sizes 7: to 27: in., inclusive, are identical with those of the 1500 lb flanges. 



TABLE UA-2 (Continued) 





1500 lb 


Nominal 

pipe 
size, 
in. 


Flanges 


Fittings 


Welding Neck Flanges 


Outside 
diam 

" ■ of 
flange, 


Thick- 
ness of 
flange, 
min, a 


Diam 

of 

bolt 

circle, 


Num- 
ber 
of 

bolts, 


Size 

of 

bolts, 


Metal 

thickness 

of fitting 

min, 


Face-to-face 

dimension 

of length. 

of tee, 


Diam 

of 
hub 


Hub diam 

beginning of 
chamfer 4 * 5 )* 


Length 

through 

hubi 


Insidt 
diam 

of 
pipe 6 




in. 


in. 


in. 


in. 




in. 


in. 


X 


H 


Y 


J 


7* 


47* 


7 /s 


37* 


4 


7* 


Vie 


87* 


IV* 


0.84 


27s 




V* 


5Va 


, 1 


3Vj 


4 


7* 


Vie 


9 


I'A 


1.05 


23/ 4 




1 


57s 


1V« 


4 


4 


7s 


7a 


10 


2Vie 


1.32 


27a 




*+ IV* 


6V4 


IV. 


47a 


4 


7b 


■A 


11 


2V* . 


1.66 


■27s 




K IVr 


7 


IV* 


4Vs 


4 


1 


7 As 


12 


27* 


1.90 


374 




2 


87* 


IV* 


6V* 


8 


7» 


V« 


147* 


4Vs 


2.38 


4 




27* 


97s 


!•/■ 


7V* 


8 


1 


"/» 


16V* 


47b 


2.88 


4Vs 




3 


107* 


i T A 


8 


8 


17* 


'A 


187* 


■574 


3.50 


47a 




4 


12V* 


2V* 


9V* 


8 


174 


1 


217a 


67. 


4.50 


47a 


To be 

specihe 
by 


5 


14«A 


2»A 


11V* 


8 


17* 


IV* 


267* 


774 


5.56 


6Vs 


6 


151/a 


3V« 


12V* 


• 12 


17s 


17l» 


2774 


9 


6.63 


67* 


purcba: 


8 


19 


3«A 


15V* 


12 


178 


17. 


327* 


117* 


8.63 


87a 




10 


23 


47* 


19 


12 


17« 


2 


39 


147* 


10.75 


10 




12 


. 2.6V* 


4V» 


22V* 


16 


2 


27x« 


44V* 


1774 


12.75 


117a 




' 14 OD 


29Vi 


5V* 


25 


16 


274 


272 


49V* 


197* 


14.00 


1174 




16 OD 


32V* 


6V* 


2774 


16 


27* 


278 


54V2 


2174 


16.00 


1274 




18 OD 


36 


6»/s 


30V2 


16 


27* 


374 


60V* 


237* 


18.00 


12Vs 




20 OD 


38V* 


7 


3274 


16 


3 


37a 


65V* 


257* 


20.00 


14 




24 OD 


46 


8 


39 


16 


37* 


47* 


76Va 


30 


24.00 


16 
















TABLE TJA-2 (Continued) 












2500 lb 


*—*■ Nominal 


Flanges 


Fittings 


Welding Neck Flanges 


ol P >P e 

w size, 

in. 


Outside 
diam 

of 
flange, 

in. 


Thick- 
ness of 
flange, 8 

min, 
in. 


Diam 
of 

bolt 
circle, 

in. 


Num- 
ber 

of 
bolts, 

in. 


Size 

of 

bolts, 

in. 


Metal 

thickness 

of fitting 

min, 

in. 


Face-to-face 

dimension 

of length 

of tee, 

in. 


Diam 

of 

hub 

X 


Hub diam 

of 
beginning of 
chamfer* » 5 »« 

H 


Length 

through 

hub 1 

Y 


Inside 
diam 

of 
pipe* 

J 


V* 

1 

IV* 

lVi 

2 

2Vi 

3 

4 

5 

6 

8 
10 
12 


5V* 
5Vi 

6V« 

v u 

9V* 
lOVi 
12 

14 

I6V2 

19 

21V* 

26Va 

30 


1V» 

IV* 

iy* 
1V2 

IV* 

2 
21/4 

26/8 

3 

3Va 

4V4 

5 

6V2 

7i/4 


3V2 

3y« 

41/4 
51/8 

6'A 

6»A 

73/4 

9 

ioy« 

i2y* 

141/2 
1774 
211/4 

24Va 


4 
4 

4 
4 
4 

8 
8 
8 
S 

8 
8 

12 
12 
12 


lVs 

1* 
lVa 

2 

2Vi 

2»A 


V» 
V» 

V 2 
Vs 

"A« 

1 

IV16 

lVie 

1"A« 

2Vie 

2Vs 

3V* 

3"/« 


ioy 8 
io»A 

12Vs 
13V* 
loVa 

17V* 
20 

22'A 
26Vi 

31V* 

36 

40V* 

50 

56 


l»/w 
2 

2V* 
2Vs 
31/s 

3>A 

41/2 

5V* 
6Va 

S 

9»A 

12 

uyi 

173/ 8 


0.84 
1.05 

1.32 

1.66 
1.90 

2.38 
2.88 
3.50 
4.50 

5.56 
6.63 
8.63 

10.75 
12.75 


27* 
3Vs 

3Vi 
3>A 

4Vb 

5 

5Vs 
6Va 
7V2 

9 

10V4 
12V2 
I6V2 
I8V4 


To be 
specified 

by 
purchaser 



TABLE UA-3 CAST-IRON PIPE FLANGES AND FLANGED FITTINGS 

DIMENSIONS OF 125-LB CAST-IRON FLANGES 

The following table is taken from ASA B16a-1939 



Nominal 


Diameter 


Thickness 


Diameter 


Number 

of 

bolts 1 


Diameter 

of bolts, 

in* 


Diameter 


Wall 


Face-to-face 


pipe 


of 


of flange, 


of bolt 


of drilled 


thickness 


dimension 


size, 


flange, 


min,* 


circle, 


bolt holes f i 


mm, 


of length 


in. 


in. 


in. 


in. 






in. 


in. 


of tee, in. 


1 


4i /« 


V11 


3i /» 


4 


1/2 


6 A 


*/« 


7 


l 1 /* 


4V8 


V* 


31/, 


4 


V? 


Vi 


v» 


7Vt 


IV* 


5 


•/« 


3Vi 


4 


Vi 


V» 


v«. 


8 


2 


6 


«/• 


4»A 


4 


«/■ 


'A 


•/» 


9 


,_» 2»/i 


7 


11/11 


51 /a 


4 


6 A 


'A 


Vxt 


10 


E 3 
S 8V» 


7i/i- 


3 A 


6 


4 


5 <* 


Vi 


»/• 


11 


8i A 


"/h 


7 


8 


./. 


'A 


v« 


12 


03 4 


9 


"/» 


7i/» 


8 


Vt 


'A 


Vi 


13 


5 


10 


»/l0 


8V1 


8 


8 A 


Vi 


Vi 


15 


6 


11 


1 


9»/> 


8 


v< 


*/• 


Vm 


16 


8 


13iA 


iVi 


ll»/« 


8 


M< 


Vs 


B A 


18 


10 


16 


l'/io 


uy« 


12 


7 4 


1 


3 A 


22 


12 


19 


IV* 


17' 


12 


Vs 


1 


«/» 


24 



Note: For maximum saturated steam service pressures of 125 psi (gage), sizes 1 to 5 in., inclusive, apply; for 100 psi, sizes 6 to 12 in., 
inclusive, apply. 

1 Note;: Drilling templates are in multiples of 4, so that fittings may be made to face in any quarter, and bolt holes straddle the center 
Ime. For bolts smaller than 1 V* in., the bolt holes shall be drilled i/s in. larger in diameter than the nominal diameter of the bolt 



for bolts I*/* in. and larger shall be drilled V< in. larger than nominal diameter of bolts. 
1 Notb: All 125-lb cast-iron standard flanges have plain faces. 



Holes 



TABLE UA-4 CAST-IRON FLANGED FITTINGS 

DIMENSIONS OF 250-LB CAST-IRON FLANGES 

The following table is taken from ASA B16b-1928 



Nominal 


Outside 


Thickness 


Diameter 


Diameter 


Number 
of boltsi 


Diameter 


Diameter 


Total 
effective 


Stress, lb 


Metal 
thickness 


Face-to-face 
dimension 


pipe 
size, 


diameter 
of flange, 


of flange, 
min a »* 


of raised 
face, 


of bolt 
circle, 


of bolts, 
in. 


of drilled 
bolt holes, 1 


area bolt 
metal, 


per sq in. 
bolt metal,' 


of body, 
min 


of length 
of tee, 


in. 


in. 


in. 


in. 


in. 






in. 


in. 


in. 


in. 


in. 


1 


4Vs 


»/l6 


2"/« 


3i/ 2 


4 


Va 


74 


0.808 


970 


l /u 


8 


1V4 


5V4 


3 A 


37n 


37a 


4 


6 A 


74 


0.808 


1520 


Vs 


8V1 


U/i 


6Vs 


17k 


3Vw 


472 


4 


'A 


7s 


1.208 


1345 


Vt 


9 


2 


6V2 


7a 


47w 


5 


S 


B A 


74 


1.616 


1595 


Va 


10 


21/2 


71/2 


1 


4i7is 


57a 


8 


*/* 


7a 


2.416 


2090 


Vk 


11 


3 


87* 


17» 


5ii/i 8 


67a 


8 


»A 


Va 


2.416 


2030 


V» 


12 


3V2 


9 


17» 


67is 


774 


8 


74 


Va 


2.416 


2460 


Via 


13 


4 


10 


17* 


6"/i, 


77s 


8 


»A 


Va 


2.416 


3120 


7a 


14 


5 


11 


17s 


87is 


91/4 


8 


74 


'A 


2.416 


4385 


n/» 


16 


6 


12V2 


17ie 


9i7i8 


107a 


12 


74 


Va 


3.624 


3915 


74 


17 


8 


15 


17s 


ll»/w 


13 


12 


7« 


1 


5.04 


4400 


»/k 


20 


10 


17i/i 


17s 


141/is 


1574 


16 


1 


17a 


8.80 


3625 


»/m 


23 


12 


20i/i 


2 


167l6 


1774 


16 


17s 


174 


11.10 


3975 


1 


26 


14 OD 


23 


27a 


18»/w 


2OV4 


20 


17a 


174 


13.88 


3735 


17a 


30 


16 OD 


25i/ 2 


27i 


2l7w 


227a 


20 


1V4 


17a 


17.86 


2255 


- 174 


33 


18 OD 


28 


278 


23Vm 


2474 


24 


1V4 


17a 


21.43 


4505 


17a 


36 


20 OD 


3072 


21/2 


. 257n 


27 


24 


1V4 


IV* 


21.43 


4845 


IVa 


39 


24 OD 


36 


.274 


307ii 


32 


24 


17* 


17a 


31.06 


4500 


17a 


45 s 


30 OD 


43 


3 


37»/n 


397* 


28 


l*/4 


2 


48.89 


5590 


2 


55 


36 OD 


50 


37a 


43"A, 


46 


32 


2 


274 


73.70 


5355 




, , 


42 OD 


57 


3n/x« 


sovii 


5274 


36 


2 


27* 


82.90 


5945 






48 OD 


65 


4 


587k 


607< 


40 


2 


274 


92.08 


7315 




•■ 



1 Note: Drilling templates are in multiples of 4, so that fittings may be made to face in any quarter, and bolt holes straddle the center 
line. For bolts smaller than 17* in., the bolt holes shall be drilled i/t in. larger in diameter than the nominal size of the bolts. Holes 
for bolts 17* in* and larger shall be drilled 7« in. larger than nominal diameter of bolts. 

* Notb: All 250-Ib cast-iron standard flanges have a 7i«-in. raised face. This raised face is included in the face-to-face, center-to-face; 
and the minimum thicknesses of flange dimensions. 

* Notb: The stress shown is that of internal pressure only assumed to act on a circular area equal in diameter to the outside diameter 
of the raised face. 

* Notb: For tongue-groove and male-female facings the dimensions given in Table XTA-1 are recommended. 



TABLE UA-5 



SERVICE PRESSURE RATINGS FOR STEEL PIPE FLANGES AND FLANGED FITTINGS 
The following tables are taken from ASA B16e-1939 





Carbon steel flanges and flanged fittings at 
temperatures 850 F and below with stand- 
ard facings, (other than ring joints) 


Carbon steel flanges and flanged fittings at 

temperatures 850 F and below with ring-joint 

facings 




Primary service pressure 
ratings 


150 


300 


400 


600 


900 


1500 


2500 


150 


300 


400 


600 


900 


1500 


2500 


Fluid 


Maximum hydrostatic 
shell test pressures 1 


350 


750 


1000 


1500 


2000 


3500 


6000 


350 


750 


1000 


1500 


2000 


3500 


6000 




Service temperatures, 
degF 


Maximum, nonshock, service pressure 
ratings at temperatures from 100 to 850 F 


Maximum, nonshock, service pressure ratings . 
at temperatures from 100 to 850 F 


h- 1 

£J Water 

Steam 


100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 


230 

220 

210 

200 

190 

180 

170 

160 

150* 

140 

130 

120 

110 

100 

85 

70 


500 

480 

465 

450 

435 

420 

405 

390 

375 

360 

345 

330 

315 

300* 

250 

200 


670 

640 

620 

600 

580 

560 

540 

520 

500 

480 

460 

440 

420 

400* 

335 

270 


1000 
960 
930 
900 
870 
840 
810 
780 
750 
720 
690 
660 
630 
600* 
500 
400 


1500 

1440 

1395 

1350 

1305 

1260 

1215 

1170 

1125 

1080 

1035 

990 

945 

■ 900* 

750 

600 


2500 

2400 

2325 

2250 

2175 

2100 

2025 

1950 

1875 

1800 

1725 

1650 

1575 

1500* 

1250 

1000 


4170 

4000 

3875 

3750 

3625 

3500 

3375 

3250 

3125 

3000 

2875 

2750 

2625 

2500* 

2085 

1670 


275 
255 
240 
225 
210 
195 
180 
165 
150* 
140 
130 
120 
HO 
100 
85 
70 


600 

575 

550 

525 

500 

475 

450 

425 

400 

380 

360 

340 

320 

300* 

250 

200 


800 

765 

730 

700 

670 

635 

600 

565 

530 

505 

480 

450 

425 

400* 

335 

270 


1200 

1150 

1100 

1050 

1000 

950 

900 

850 

800 

760 

720 

680 

640 

600* 

500 

400 


1800 

1725 

1650 

1575 

1500 

1425 

1350 

1275 

1200 

1140 

1080 

1020 

960 

900* 

750 

600 


3000 

2875 

2750 

2625 

2500 

2375 

2250 

2125 

2000 

1900 

1800 

1700 

1600 

1500* 

1250 

1000 


5000 

4790 

4580 

4375 

4170 

3960 

3750 

3540 

3330 

3165 

3000 

2830 

2665* 

2500 

2085 

1670 



All pressures are in pounds per square inch (gage). 

* All tests shall be made with water at a temperature not to exceed 125 F. 

* Primary service pressure rating. 









TABLE UA-5 {Continued) 


















Carbon-molybdenum and equivalent 

alloy steels at temperatures 1000 F and 

below with standard facings 

(Other than ring joints) 


Carbon-molybdenum, and equivalen t 

alloy steels at temperatures 1000 F and 

below with ring joints 




Primary service pressure ratings 


300 


400 


600 


900 


1500 


2500 


300 


400 


600 


900 


1500 


2500 


Fluid 


Maximum hydrostatic shell test 
pressures 1 


900 


1200 


1800 


2400 


4200 


7200 


900 


1200 


1800 


2400 


4200 


7200 




Service temperatures, 


Maximum, nonshock, service pressure 


Maximum, nonshock, service pressure 




deg F 


ratings at temperatures from 100 to 1000 F 


ratings at temperatures from 100 to 1000 F 




100 


600 


800 


1200 


1800 


3000 


5000 


720 


960 


1440 


2160 


3600 


6000 




150 


590 


775 


1180 


1770 


2950 


4905 


700 


925 


1400 


2100 


3500 


5825 




200 


580 


750 


1160 


1740 


•2900 


4810 


675 


900 


1350 


2025 


3375 


5625 




250 


560 


725 


1120 


1680 


2800 


4645 


650 


875 


1300 


1950 


3250 


5425 


>_* 


300 


540 


700 


1080 


1620 


2700 


4480 


625 


825 


1250 


1875 


3125 


5200 


t— i 


350 


520 


675 


1040 


1560 


2600 


4315 


600 


800 


1200 


1800 


3000 


5000 


CD 


400 


500 


650 


1000 


1500 


2500 


4150 


575 


775 


1150 


1725 


2875 


4800 


Water 


450 


480 


625 


960 


1440 


2400 


3985 


550 


725 


1100 


1650 


2750 


4575 




500 


460 


600 


920 


1380 


2300 


3820 


525 


700 


1050 


1575 


2625 


4375 


Steam 


550 


440 


575 


880 


1320 


2200 


3655 


500 


675 


1000 


1500 


2500 


4175 




600 


420 


550 


840 


1260 


2100 


3490 


475 


625 


950 


1425 


2375 


3950 


on 


650 


400 


525 


800 


1200 


2000 


3325 


450 


600 


900 


1350 


2250 


3750 




700 


380 


500 


760 


1140 


1900 


3160 


425 


575 


850 


1275 


2125 


3550 




750 


360 


475 


720 


10S0 


1800 


2995 


400 


525 


800 


1200 


2000 


3325 




800 


340 


450 


680 


1020 


1700 


2830 


375 


500 


750 


1125 


1875 


3125 




850 


320 


425 


640 


960 


1600 


2665 


350 


475 


700 


1050 


1750 


2925 




900 


300* 


400* 


600* 


900* 


1500* 


2500* 


325 


425 


650 


975 


1625 


2700 




950 


265 


350 


530 


795 


1325 


2205 


300* 


400* 


600* 


900* 


1500* 


2500* 




1000 


190 


250 


380 


■ 570 


950 


1580 


200 


275 


400 


600 


1000- 


1675 



All pressures are in pounds per square inch (gage). 

Carbon-molybdenum alloy steel, castings Grade C-l, and forgings Grade F-l (A.S.T.M. Specifications A 157-36 and A 182-36) serve 
as the fundamental basis for alloy steel ratings. Other alloys with superior qualities may be given appropriate ratings. For temperatures 
above 950 F, Grades C-l and F-l for steam service should be given consideration as to scaling due to oxidation. 

1 All tests shall be made with water at a temperature not to exceed 125 F. 

* Primary service pressure ratings. 



TABLE UA-6 MINIMUM METAL THICKNESS OF BODIES OF CAST-IRON 

AND MALLEABLE-IRON SCREWED FITTINGS 
The following table is taken from ASA B16d-1941, B16c-1939, andMSSSP-31-1931 





Body metal thickness, in. 


Nominal 






pipe size, 
in. 


Cast-iron 


Malleable- 


screwed fittings 


screwed fittings 




1251b 


2501b 


1501b 


3001b 


l A 






0.090 




V« 


0.110 


o!is 


0.095 


0.14 


V» 


0.150 


0.18 


0,100 


0.15 


V« 


0.130 


0.20 


0.105 


0.16 


Vi 


0.155 


0.23 


0.120 


0.18 


l 


0.170 


0.28 


0.134 


0.20 


W* 


0.185 


0.33 


0.145 


0.22 


i>/i 


0.200 


0.35 


0.155 


0.24 


2 


0.220 


0.39 


0.173 


0.26 


2V* 


0.240 


0.43 


0.210 


0.31 


3 


0.260 


0.48 


0.231 


0.35 


3Vi 


0.280 


0.52 


0.248 


, . 


4 


0.310 


0.56 


. 0.265 


. , 


5 


0.380 


0.66 


0.300 


t . 


6 


0.430 


0.74 


0.336 


. , 


8 


0.550 


0.90 




t m 


10 


0.690 


1.08 


• • ■ 


. , 


12 


0.800 


1.24 


... 


" 



AU pressures are in pounds per square inch (gage). 
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STANDARD PRACTICE FOR HYDROSTATIC TESTS TJA-1-5 

STANDARD PRACTICE FOR MAKING HYDROSTATIC TESTS 
ON A PRESSURE PART 

UA-1 Scope. This method of test is applicable only to materials 

having a definite proportional or elastic limit such as most carbon and alloy 
steels. It jsnot applicable to materials with indefinite or indeterminate pro- 
portional limits such as cast iron and most nonferrous materials. 1 The prin- 
ciple upon which the test is based assumes that the most highly stressed point 
in the pressure part will be subjected to a permanent set when the stress at this 
location reaches the proportional or elastic limit of the material. Since the 
stress will be directly proportional to the hydrostatic pressure, the determi- 
nation of the pressure which stresses the weakest point to the proportional limit 
will permit a calculation of the maximum allowable working pressure that will 
resultin a safe working stress in accordance with Code requirements for the 
material from which the part is made at the maximum operating temperature. 

TJA-2 Material. The structure shall be made from material approved 
for its intended use by the A.S.M.E. Code. 

UA-3 Workmanship. The dimensions and minimum thickness of the 
structure to be tested should not vary materially from those actually-used. 
If possible, the structure to be tested should be selected at random from a 
quantity of such intended for use. 

IJA-4 Preparation for Test. It is necessary to test only the weakest 
point of the structure but several points should be checked to make certain, 
that the weakest one is included. The less definite the location of the 
weakest point, the more points should be checked. 

The movement of the reference noints may be measured with reference 
to a fixed surface, or two reference points may be located on opposite sides of a 
symmetrical structure and the total deformation between those two points 
measured. 

Indicating micrometer gages accurate to O.001 in. are most suitable for meas- 
uring deformation of the structure at the reference points although any form of 
accurate micrometer may be used. 

A hand test pump is satisfactory as a source of hydrostatic pressure. Either 
a test gage or a reliable gage which has been calibrated with a test gage should 
be attached to the structure. 

The maximum hydrostatic pressure which must be provided for will vary 
from 2 to 3 times the expected maximum allowable working pressure for car- 
bon steel structures. 

The location of the weakest point of the structure may be determined by 
applying a thin coating of plaster of Paris or similar material, and noting where 
the surface coating starts to break off under hydrostatic test. The coating 
should be allowed to dry before the test is started. 

UA-5 Hydrostatic Test. The first application of hydrostatic pressure 
need not be less than the expected maximum allowable working pressure. 
At least ten separate applications of pressure, in approximately equal in- 
crements, should be made between the initial test pressure and the final 
test pressure. 

When each increment of pressure has been applied the valve between the 
pump and the structure should be closed and the pressure gage watched to 
see that the pressure is^ maintained and no leakage occurs. The total deforma- 
tion at the reference points should be measured and recorded and the hydrostatic 



1 For method of testing parts made from such materials, see Par. UA-ll; 
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UA-6-9 SECTION VIII UNFIRED PRESSURE VESSELS 

pressure recorded. The pressure should then be released and each point checked 
for any permanent deformation which should be recorded. 

Only one application of each increment of pressure is necessary. 

The pressure should be increaseo! by substantially uniform increments and 
readings taken until the elastic limit of the structure has obviously been ex- 
ceeded. 

The pressure part shall not have been subjected to a pressure greater than 
the designed maximum allowable working pressure prior to making the proof 
hydrostatic test. 

UA-6 Physical Characteristics of Metal. Determine the proportional 
limit of the material in accordance with A.S.T.M. Specification E8-42 Standard 
Method of Tension Testing of Metallic Materials. It is important that this 
be determined from a number of specimens cut from the part tested, after 
the test is completed, in order to insure that the average proportional limit of the 
material in the part tested is used to calculate the safe working pressure. The 
specimens should be cut from a location where the stress during the test, has 
not exceeded the proportional limit, so that the specimens will be representative 
of the material as tested. These specimens should not be cut with a gas torch 
as there is danger of changing the proportional limit of the material. 

TTA-7 Plotting Curves. A single cross-section sheet should be used for 
each reference point of the structure. A scale of 1 in. = 0.01 in, deformation, 
and a scale of at least 1 in. equals the approximate test pressure increments, has 
been found satisfactory. Plot two curves for each reference point, one showing 
total deformation under pressure and one showing permanent deformation when 
the pressure is removed. 

UA-8 Determining Proportional Limit of Pressure Part. Locate the 
proportional limit on each curve of total deformation as the point at which the 
total deformation ceases to be proportional directly to the hydrostatic pressure. 
Draw a straight line that will pass through the average of the points that lie 
approximately in a straight line. The proportional limit will occur at the value 
of hydrostatic pressure where the average curve through the points deviates 
from this straight line. 

In pressure parts such as headers, where a series of similar weak points occur, 
the average hydrostatic pressure corresponding to the proportional limits of the 
similar points may be used. 

The proportional limit obtained from the curve of total deformation may be 
checked from the curve of permanent deformation by locating the point where 
the permanent deformation beginsto increase regularly with further increases 
in pressure. Permanent deformations of a low order that occur prior to the 
point really corresponding to the proportional limit of the structure, resulting 
from the equalization of stresses and irregularities in the materia^ may be dis- 
regarded. 

It should be made certain that the curves show the deformation of the struc- 
ture and not slip or displacement of reference surfaces, gages, or the structure. 

UA-9 Determining Maximum Allowable Working ^ Pressure, (a) 
Having determined the proportional limit of the weakest point of the struc- 
ture, the corresponding maximum allowable working pressure may be de- 
termined by the formula: 

P-HS 

r ~ E 

where P = maximum allowable working pressure, pounds per square inch, 
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STANDARD PRACTICE FOR HYDROSTATIC TESTS UA-10-11 

H — hydrostatic pressure at the proportional limit of the pressure part, 

pounds per square inch, 
S — safe working stress permitted for the material at the maximum 

operating temperature as determined by Code requirements, 
E = average proportional limit of material, pounds per square inch. 

(b) For carbon-steel material, complying with a Code specification and 
with a minimum tensile strength not over 62,000 psi, the proportional limit may 
be assumed to be two fifths of the average tensile strength of the specified range. 
Where no range is specified, the average tensile strength may be assumed as 
5000 psi greater than the minimum. This will eliminate the necessity for cut- 
ting tensile specimens and determining the actual proportional limit. Under 
such conditions, the material in the pressure part tested should have had no 
appreciable cold working or other treatment that would tend to raise the pro- 
portional limit above the normal. 

UA-10 Retests. A retest should be allowed on an additional structure 
if errors or irregularities are obvious in the results. 

UA-11 Testing Parts Made From Material Without Definite Pro* 
portional Limit. Pressure parts made from cast iron or nonferrous ma- 
terials without a well-defined proportional limit must be tested until failure 
occurs by rupture. The hydrostatic pressure at which rupture occurs must be 
determined. If excessive leakage occurs at rolled joints or at gasketed hand- 
hole fittings, they may be seal-welded for the test to permit test to destruction, 
provided the welding does not materially increase the strength of the part. 
No deflection measurements will be necessary. The average actual tensile 
strength of the material from which the part tested is made must be determined 
from test specimens cut from the part tested, ( If this is not practicable, the 
tensile strength must be assumed to be the maximum of the range given in the 
specification for the material. 

The maximum allowable working pressure may be determined by the formula: 

r " E 

where P — maximum allowable working pressure, pounds per square inch, 
H = hydrostatic pressure at time of rupture, pounds per square inch, 
S = safe working stress permitted for the material at the maximum 

operating temperature as determined by Code requirements, 
E = average actual tensile strength from test specimens, or maximum 
of the range in specification, pounds per square inch. 

It is possiblethat certain designs of pressure parts may result in concentrated 
stresses at critical points which may be relieved by yielding of the material 
at these points prior to rupture, so that failure may occur at some other point 
and not indicate the point of maximum stress at pressures below that causing 
rupture. There may be conditions which would make a test to destruction 
impracticable. Under such conditions a special test may be made from a 
carbon steel material of the same dimensions and thickness as used for the ma- 
terial in question. This special test part can then be tested in accordance with 
Pars. UA-1 to UA-10. The maximum allowable working pressure for the part 
made from the material in question would be determined by using the proper 
value of S for the material in the formula in Par. UA-9. The value of E used 
in the formula would be that for the carbon steel material from which the special 
test part is made. 
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UA-12-13 SECTION VIII UNFIRED PRESSURE VESSELS 

EXAMPLES OF METHODS OF COMPUTATION OF OPENINGS IN 

SHELLS 

Applications of the rules in Par. U-59 are given in the following examples: 

TJA--12 A pressure vessel for 275 psi working pressure has an inside diameter 

of 36 in. and is made of plate X A in. in thickness having a minimum ultimate 

tensile strength of 55,000 psi. Is it permissible to use a 2-in. pipe connection 

by tapping a hole for the pipe directly into the shell? 

K - S = 2Xl 7 l!oO X OX0.50 - °- 925 M 9 " ** Cent 

Bt « 37 X 0.50 - 18.5 

From the chart in Fig. U-8, the maximum allowable diameter of unreinforced 
opening is d *= 3.05 in. 

The 2 in. tapped hole has a diameter of 2.375 in. and according to Table U-7 
requires at least 0.435 in. thickness for threads. Also, although the working 
pressure is above 125 psi, the size of the threaded connection is not greater than 
the maximum of 3 in. pipe size permitted when this pressure is exceeded. 
Therefore, the connection meets the requirements of the Code. 

_ UA-13 A special forging [such as shown in Fig. UA-2(a)] for a 3 x /a in. 
pipe connection is inserted in a pressure vessel the working pressure of which is 
100 psi. The length of thread is 2 in., the outside diameter of the portion pro- 
jecting through the shell is 4 3 /4 in., and the cross-sectional area of the forging is 
2.25 sq in. 

< This construction complies with the rule that a threaded connection over 3 in. 
pipe size shall be used only for working pressures of 125 psi and under. The 
length of thread is sufficient, as indicated by Table U-7. 

(a) Seal Welded. If seal welding only is applied to the forging, the 
opening is classed as an unreinforced hole having in this case a diameter of 
4*/* in. The rules in Par. U-59(a) govern in this case. Assume the following 
data: Inside diameter at shell — 48 in.; thickness — Vain.; working pressure 
— 100 psi; material is Grade A of Specification SA-89 (45,000 psi minimum 
ultimate tensile strength). 

y. PD 100X49 n ,, c ,, - 

K " 2St " 2 X 9000 X 0.50 = " 545 ° r 54 " 5 per Cent 

Bt « 49 X 0.50 => 24.5 

From Fig. U-8, d « 6.15 in. 

The actual diameter is 4'/< in., and therefore this construction meets the re* 
quirements of the Code. 

( (b) ^ Strength "Welded. If the outside diameter of the neck of the forging 
(in this case 4*/4 in.) is greater than d as given by the charts in Fig. U-8, the 
welds must be strong enough to develop a minimum required amount of strength 
(strength Welding)^ The rules in Par. U-59(e) to (h) govern in this case. Assume: 
Inside diameter, thickness, working pressure, and material of shell same as in (a); 
working temperature = 850 F; S = 5700 psi (See Table U-2). 

jt 100 X 49 no* qj: 

K = 2X5700X0.50 " °' 86 ° r 86 per Cent 

Bt » 49 X 0.50 » 24.5 

From Fig. U-8, d = 4.12 in. 
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UA-14-15 ' SECTION VIII UNFIRED PRESSURE VESSELS 

As the outside diameter of the neck of the forging (or hole in the shell) is 
4*A in., the forging must be strength welded to the shell and the design must 
comply with Par. U-59(e) to (h). Assume a fillet weld built in accordance with 
Par. U-68 on the outside with u /ie in. legs. The weld dimensions then comply 
with detail 3 of Fig. U-10. Since the forging is rigidly welded to the shell, the 
diameter of the opening is now 4 in., and the limits therefore arc as shown in 
Fig. UA-2(a). 

Cross section through shell ■» 0.50 X (8 — 4.75) «■ 1 . 62 sq in. 

Cross section through forging - (l»/« X 0.75) + (1.5 X 0.5)..™ 2.20 sq in. 
Cross section through welds - 2 X l /% X 0.9375 X 0.9375. . . - 0.88 sq in. 



Total actual cross section 4 .70 sq in. 

The required thickness when E « 0.90 (See Par. U-20) is 

Ptf = 100X24 „ n .4*Rin. 
SE 5700X0.90 

Required cross section = area {EFGH + JKLM) = 0.468 X (8 - 2) « 
2.810 sq in. 

Therefore rule (1) of Par. U-59(g). has beeji complied with. 

The fillet weld can fail in tension, around the circumference of the 4*/* in. 
diameter, or it can fail in shear around the circumference of the mean diameter 
of 5 lI /« in. The strength of that part of the weld on one side of the center line 
(on a semicircle) must be at least equal to that specified in rule (2) of Par. 
U-59(g), and (h). The allowable working stress of the weld in shear is 0.8 times 
the allowable working stress in tension. 

Strength of weld in tension = 0.9375 X Vs X (3.14 X 4.75) X (0.9 X 5700) « 

35,900 lb 
Strength of weld in shear « 0.9375 X Vi X (3.14 X 5.6875) X (0.8 X X 0.9 

5700) « 34,300 1b 
The weld is weaker in shear 
Strength of forging = 2.25 X 5700 « 12,8001b 
Strength of cross section represented by (QFGR -f- JSTM) = 0.468 X (4 - 2) 

X 5700 = 5330 lb. 

Therefore rule (2) of Par. U~59(g), and Par. U-59(h) has been complied with 
TJA-14 A studded connection such as shown in Fig. UA-2(b) is for 
6-in. 4004b American standard seamless pipe. The data for the shell are as 
follows: Inside diameter « 60 in.; thickness = 2 l /% in.; working pressure =■ 
325 psi; working temperature below 650 F; material Grade B of Specification 
SA-89. The flat for the raised face reduces the shell thickness to l 9 /ie in. at 
the edge of the opening. 

v 325 X 64.25 n _. _ 

K - 2X10,000X1.5625 = °' 670 or 67 per cent 

l Dt » 64.25 X 1.5625 = 100.4 
From Fig. U-8, d « 8 in. 

The actual equivalent diameter is the diameter of the hole in the shell plus 
the diameters of two stud holes, or 6.049 -f- (2 X 0.875) = 7.799 in. Therefore 
the connection meets the requirements of the Code. 

UA-1S A 4-in. extra-heavy pipe is welded into a fusion-welded pressure 
vessel built in accordance with Par. U-70 as shown in Fig. UA-2(c). The shell 
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COMPUTATION OF SHELL OPENINGS TTA-16 

has an inside diameter of 30 in., a thickness of Vs in., and a working pressure of 
200 psi. The material is in accordance with Specification SA-70. 

The weld, as shown in Fig. UA-2(c), complies with detail 4 of Fig. U-10. 

Cross section I «= 0.375 X (7.652 - 4.50) - 1 . 181 sq in. 

Cross section II « 0.337 X 1.217 X 2 - 0. 820 sq in. 

Cross section III => 2 X V» X 0.50 X 0.50 = 0.250 sq in. 

Total actual cross section ■» 2.251 sq in. 

The required thickness when E — 0.90 is 

, 200 X 15 n „_ . 

'" 11,000 X 0.90 = a303in - 

Required cross section » 0.303 X (7.652 - 2) = 1.71 sq in. 

Therefore rule (1) of Par. U-59(g) has been complied with. 

The weld can fail in tension by tearing around its circumference on a diame- 
ter of 5V2 in. Since single welding has been used, the allowable stress in tension 
is 7000 psi (See Par. U-70). 

Strength of weld in tension = 0.375 X Vs X 3.14 X 5.50 X 7000 = 22,700 lb. 

The attachment of the nozzle can also fail by shearing through the weld and 
the nozzle neck (along the line NP in Fig. UA-2(c)), around the circumference 
of the mean diameter of (5.50 + 3.826) X V2 - 4.663 in. The allowable work- 
ing stress of the weld in shear is 0.8 times the allowable working stress in tension 

Strength of attachment in shear = (0.50 + 0.337) X Vs X 3.14 X 4.663 X 

(0.8 X7000) = 34,4001b. t 
From the above, the construction is weaker in tension than in shear. 
Strength of nozzle = (Area II) X $ = 0.820 X 11,000 = 9020 lb. 
Strength of cross section represented by (QFGR + JSTM) = 0.303 X (3.826 

-2) X 11,000 = 60901b. 

Therefore rule (2) of Par. U-59(g) has been complied with. 

UA-16 A 16 in. welded circular nozzle-type manhole is located on a 
seamless shell (Class 1, Specification S-4), as shown in Fig. UA-2(d). The shell 
data are as follows: Inside diameter = 96 in.; thickness = 2 in.; working 
pressure = 500 psi; working temperature = 600 F. Welding suitable for 
vessels built in accordance with Par. U-68 is used. 

The welds at the manhole neck comply with detail 1 and the welds on the re- 
inforcing pad with details 5 and 6 of Fig. U-10. 

Cross section I = 2 X (32 - 18) - 28. 00 sq in. 

Cross section II = 1.00 X 5.25 X 2 — 10.50 sq in. 

Cross section III => 2.5 X (32 - 21.5) = 26 . 25 sq in. 

Cross section IV ** two '/Vin. fillets -f- one 1-in, fillet. ■= 2. 12 sq in. 

Total actual cross section 66 . 87 sq in. 

The required thickness when E = 0.90 is 
_J00_X4^ 
' 12,000 X 0.90" 2 ' 222m ' 

Required cross section = 2.222 X (32 — 2) = 66.66 sq in. 
Therefore the design meets the requirements of rule (1) of Par. U-59(g). 
Welding of the manhole neck: 

Strength of welds in tension = (2 X 0.75) X Va X 3.14 X 18 X .0.9 X 
12,000) = 458,000 lb. 
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UA-17 SECTION VIII UNJ1RED PRESSURE VESSELS 

Strength of welds in shear «(2X 0.75) X V» X 3.14 X 18.75 X (0.8 X 
0.9 X 12,000) * 381,000 lb. 

The welds at the manhole neck are weaker in shear. 

Strength of neck « (Area II) X S = .10.50 X 12,000 « 126,000 lb. 

Strength of cross section represented by (QFGR + JSTM) = 2.222 X (16 - 
2) X 12,000 « 373,000 lb. 

Therefore the welding of the neck meets the requirements of rule (2) of 
-Par.U-59(g). 

Welding of the reinforcing pad: 

Strength of welds in tension « [(1.00 X X A X 3.14 X 21.5) + (0.625 X 
V« X 3.14 X 36)] X (0.9 X 12,000) - 746,000 lb. 

Strength of welds in shear = [(1.00 X V* X 3.14 X 20.5) + (0,625 X V» X 
3.14 X 36.625)] X (0.8 X 0.9 X 12,000) « 589,000 lb. 

The welds at the reinforcing pad are weaker in shear. 

Strength of reinforcing pad = 2.5 X (32 - 21.5) X 12,000 « 315,000 lb. 

Strength of cross section represented by (QFGR + JSTM) = 373,000 lb, as 
above. 

Therefore the welding of the reinforcing pad meets the requirements of rule 
(2)ofPar.U-59(g). 

The above design corresponds to type H shown in Fig. U-10. For other types 
of construction employing reinforcing pads, such as types F, G, J, and others, 
the methods of calculation are similar to the above. 

TJA-17 An 8 in. riveted nozzle is located on a pressure vessel as shown 
in Fig. UA-2(e). The shell data are as follows: Inside diameter « 54 in.; 
thickness — l 1 /* in.; working pressure = 350 psi; working temperature — 440 F 
minimum tensile strength = 55,000 psi. 

Assume the nozzle to be 8 in. inside diameter, the thickness of the nozzle neck 
to be Vm in., the thickness of the riveting flange to be 8 /< in., and the outside 
diameter of the riveting flange to be 17V< in. 

Assume also 18 l 1 /* in. rivets on a 14 in. rivet circle with 1%2 in. rivet holes 
straddling the longitudinal center line through the nozzle; ■ minimum tensile 
strength = 55,000 psi. The opening in the shell is 8 3 /4 in. to provide space for 
calking. 

The weakest section will be along a line parallel to the longitudinal axis passing 
through the centers of the two rivets nearest- the center Tine of the nozzle as 
shown in Fig. UA-2(e). 

The neck of the nozzle may be considered as reinforcement for a distance 
of 2Vi times its thickness measured from the back of the riveting flange. There- 
fore the distance of line AB [See Fig. UA-2(e)] from the outside of the shell «* 
(2.5 X 0.5625) 4- 0.75 -2.16 in. 

Cross section I - 17.5 - (8.41 + 1.282 + 1.282) X 1.25.... - 8.16sqin. 

Cross section II - (2.16 X 2 X 0.59) + [17,07 - (7.62 + 
0.59 + 0.59 -f- 1.282 + 1.282)] X 0.75 « 2.55 
+ 4.28. . - 6 . 83 sq in. 



Total actual cross section ■■ 14.99 sq in. 

The required thickness when E = 0.90 is 

'° llgx0 7 9O ° a955ia - 

Required cross section = 0.955 X (17.5 — 2) » 14.81 sq in. 

Therefore the design meets the requirements of rule (1) of Par. U-59(g). 
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COMPUTATION OF SHELL OPENINGS UA-17 

Failure can occur by shearing of the rivets on one side of Section AA. The 
ultimate strength of the rivets in shear is 44,000 psi. 

Area of rivets to one side of section = 07854 X 1.282 X 1.282 X 7 - 9.05 
sq in. * 

Ultimate strength of rivets in shear = 9.05 X 44,000 = 398,000 lb. 

Ultimate strength of nozzle - (Area II) X U.T.S. - 6.83 X 55,000 - 376,000 
lb. 

Ultimate strength of cross section represented by (QFGR + JSTM) ■= 
0.955 X (8.41 - 2) X 55,000 = 336,0001b. 

Therefore the riveting meets the requirements of rule (2) of Par. U-59(g). 

Failure can also occur by the internal pressure blowing the nozzle off the shell. 
The ultimate strength of the rivets in tension is 55,000 psi. 

Total area of rivets = 0.7854 X 1.282 X 1.282 X 18 = 23.3 sq in. 

Ultimate strength of rivets in tension = 23.3 X 55,000 « 1,282,0001b. 

Required strength due to internal pressure acting on 8 3 /4 in. calking circle, 
with factor of safety of five = 0.7854 X 8.75 X 8.75 X 350 X 5 = 105,400 lb 

If the riveting flange is calked also on the outside, then the required strength 
due to internal pressure acting on XT 1 /a in. calking circle, with factor of safety 
of five = 0.7854 X 17.25 X 17.25 X 350 X 5 = 410,000 lb. 

Therefore the riveting meets the requirements of Par. U-59(i) and of rules 
(l)and(2)ofPar.U-59(j). 

The shell plate may fail by tearing around through the rivet holes. Checking 
by applying the rules in Par. P-193(b); 

Px - 2 X (sin 10 deg) X 7 - 2.43 in. g - -^ - 1.90 

E 

Ligament 9 Pl = P x cos Fig. P-20 Pl X E 

1 70° 0.831 0.695 0.578 

2 50° 1.563 0.515 0.805 

3 30° 2.105 0.460 0.968 

4 10° 2.393 0.470 1.125 

Total 3.476 
X 2= 6.95 in. 

Equivalent length removed from shell = (14 + 1.282) - 6.95 = 8.332 in. 
Actual efficiency of shell (See Par. U-20): 

„ PR 350 X 27 , Q , 

^ ^^ = 11,000 X 1.25 ^ 68 - 7percent 



Efficiency using rule (1) of Par. P-193(b): 
,, 54 - 8.332 



54 



84.5 per cent 



80 per cent of actual shell efficiency = 0.8 X 68.7 =» 55.0 per cent. 
Efficiency using rule (2) of Par. P-193(b): 

F 27 - 8.332 ,_ n 

E — ^= = 69.1 per cent 

Therefore the design meets the requirements of Par. P-193(b). 
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AU-18-19 SECTION VIII UNFIRED PRESSURE VESSELS 



RULES FOR BOLTED FLANGED CONNECTIONS 

TJA-18 Scope, (a) Bolted flanged connections, if of steel or cast iron, con- 
forming to the several American Standards as given in Tables UA-1 and UA-2 
for steel, and Tables UA-3 and UA-4 for cast iron, should be used for connec- 
tions to external piping and may be used for other flanged connections. When 
used for external pipe connections such flanges, if of steel, shall not be used for 
pressure-temperature ratings exceeding those given in Table UA-5. 

(b) Bolted flanged connections other than those meeting the requirements 
of (a) above shall be designed in accordance with the rules given in Pars. UA-19 
to UA-24. These rules may be applied to flanges of any diameter, but are not 
intended for flanged connections having gaskets beyond or extending beyond the 
bolt circle. These rules shall not be construed to prohibit the use of flanges 
having gaskets beyond the bolt circle or other types of bolted closures, particu- 
larly those used for service at very high pressures, provided they are designed 
in accordance with good engineering practice. 

UA-19 Materials, (a) Bolting material shall be made in accordance with 
the specifications for which allowable working stresses are given in Table U-2. 

(b) Nuts and washers for bolts and studs shall be made in accordance with 
Specification SA-194. Nuts shall be semifinished, chamfered, and trimmed, of 
at least American Standard heavy dimensions as given in Table UA-7. The use 
of washers is optional, but when used, they shall be of forged or rolled ma- 
terials. 

(c) All bolts and studs shall have threads at least as strong as American 
Standard screw threads. The length of thread engagement shall be not less 
than the nominal thickness dimension of American Standard heavy nuts. 

(d) It is recommended that bolts and studs be at least l /a in. in diameter 

TABLE UA-7 AMERICAN STANDARD HEAVY NUTS 
(Semi-Finished Hexagon) 
The following table is taken from ASA B18.2-1933 



Diameter 

of bolt, 

D 


Width across 
flats 


Width 

across 

corners, 

min 

hex. 


Thickness, 
heavy nut 


Maximum 
(basic) 


Min 


Nom 


Max 


Min 


Vm 

t 
ly* 

lVi 
1V« 

2i/« 

2Vt 

2«/« 

3 

3V4 

3V» 

3«/4 

4 


0.5000 
0.5625 
0.6250 
0.7500 
0.8750 
1.0000 
1.1250 
1.2500 
1.3750 
1.5000 
1.6250 
1.7500 
1.8750 
2.0000 
2.2500 
2.5000 
2.7500 
3.0000 
3.2500 
3.5000 
3.7500 
4.0000 


»/« 
iy« 
iv« 

l'/w 

iy 8 

l»/ia 

2 

2*/w 

2»/s 

2»/l6 

2»/« 

2"/« 
3Vs 
3V* 
3Ya 

4i/4 

46/8 

5 

5>/s 
5«A 
6Ys 


0.8750 
0.9375 
1.0625 
1.2500 
1.4375 
1.6250 
1.8125 
2.0000 
2.1875 
2.3750 
2.5625 
2.7500 
2.9375 
3.1250 
3.5000 
3.8750 
4.2500 
4.6250 
5.0000 
5.3750 
5.7500 
6.1250 


0.850 
0.906 
1.031 
1.213 
1.394 
1,575 
1.756 
1.938 
2.119 
2.300 
'2.481 
2.663 
2.844 
3.025 
3.388 
3.750 
4.113 
4.475 
4.838 
5.200 
5.563 
5.925 


0.969 
1.033 
1.175 
1.383 
1.589 
1.796 
2.002 
2.209 
2.416 
2.622 
2.828 
3.036 
3.242 
3.449 
3.862 
4.275 
4.689 
5.102 
5.515 
5.928 
6.342 
6.755 


»/ai 

«/«4 

»/« 
*y« 

BB/e4 

iy« 
iy« 

IVm 

iv« 

IVm 
1"/m 

l»/« 

2Vie 
2»/« 
2»/ 8 a 
2»/« 
3Vm 
S"/ai 
8«/b 
3»/« 


0.504 
0.568 
0.631 
0.758 
0.885 
1.012 
1.139 
1.220 
1.347 
1.474 
1.601 
1.728 
1.855 
1.984 
2.236 
2.458 
2.712 
2.966 
3.220 
3.474 
3.728 
3.982 


0.464 
0.526 
0.687 
0.710 
0.833 
0.956 
1.079 
1.156 
1.279 
1.402 
1.525 
1.648 
1.771 
1.894 
2.140 
2.354 
2.600 
2.846 
3.092 
3.338 
3.584 
3.830 



All dimensions given in inches. 
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TABLE TJA-8(a) GASKET MATERIALS AND CONTACT FACINGS 
Gasket Factors (m) for Operating Conditions, Yield Point y 



Gasket Material 



Gasket 
Factor 



Yield 

Point 

y 



Sketch and Notes 



(a) Gum rubber sheet 



0.50 



(&) Cloth-inserted soft rubber, or 
hard rubber sheet 



0.75 



(c) Cloth-inserted hard rubber 



1.00 



(d) Vegetable fiber sheet (hemp or 
jute) 



1.50 



(«) Compressed asbestos, or asbestos 
composition 



2.50 



(/) Wire mesh reinforced asbestos 



2.50 



(g) Corrugated metal, asbestos in- 
serted, or spiral-wound metal, 
asbestos filled 



2.50 



(h) Corrugated metal jacket, asbestos 
filled 



3.00 



(/) Corrugated 

metal 



(k) Flat metal 

jacket, asbes- 
tos filled 



(0 Solid metal 



(1) Copper 



3.00 



(2) Monel 

(3) Iron 

(4) Soft steel 



3.25 



Aluminum 
Copper 



3.25 



(3) Monel 

(4) Iron 

(5) Soft steel 



3.50 



(6) 4-6% 

chrome 

(7) 11-13% 

chrome 

(8) KA2S 

(9) Type 316 



(1) Soft alumi- 
num 



3.75 



4.00 



(2) Soft 

copper 

(3) Admiralty 



4.75 



'4) Iron 

5) Soft steel 

!6) Monel 



5.50 



(7) 4-6% 

chrome 

(8) 11-13% 

chrome 
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BOLTED FLANGED CONNECTIONS UA-20 

and if sizes l /% i n * afl d smaller are used, precautions be taken to avoid over- 
stressing. 

(e) Flanges that are to be fusion welded shall be of good weldable quality 
and the carbon content of such material shall not exceed 0.35 per cent. Welded 
flanges shall comply with the stress-relieving requirements given in the Code. 

(f) Flanges shall be made of rolled or forged steeh cast steel, or plate ma- 
terial, in accordance with the specifications in Section II of the Code for which al- 
lowable working stresses are given in Table U-2, except that hubbed flanges shall 
not be machine-cut from plate material. Flanges made in accordance with 
Specification SA-18 or SA-181 shall not be used when the flange thickness ex- 
ceeds 3 in. Flanges may be fusion welded only when the material is listed as 
permissible for welding in Par. U-71(a). 

UA-20 Bolt Loads, (a) Minimum Required Bolt Load W m * The 
minimum bolt load in pounds shall be determined from the greater of the 
values obtained from formula (1) under maximum operating or working condi- 
tions and from formula (2) under atmospheric temperature conditions without 
consideration of internal pressure. 

Operating or working conditions: 

JV m = H + H»~ 0.785 G 2 ^ + {lb X 3.14 Gmp) [I] 1 

Atmospheric temperature conditions without internal pressure: 

W m = H M = ZMbGyr (See note 2). [2] 

Under the above requirements the minimum required bolt load W m in pounds 
will be at least sufficient: 

Under maximum operating or working conditions, to # resist the hydrostatic 
end force (H) in pounds exerted by the internal working pressure upon the 
area bounded by the mean diameter of gasket or joint contact surface and» in 
addition, maintain a predetermined compression load (H p ) on the gasket 
or joint-contact surface which, experience has shown, will be sufficient to as- . 
sure a tight joint (See note 1). 

Under atmospheric temperature conditions without the presence of internal 
pressure, to exert a load (H v ) to initially seat the gasket or joint-contact 
surfaces sufficiently to assure a tight joint (See notes 2 and 3). 

(b) Actual Bolt Load W a . The actual bolt load, which shall'be at least 
equal to the minimum required bolt load defined in (a) above, is the force in 
pounds available when the actual total bolt area is stressed to the maximum 
allowable working stress at the operating temperature (See note '4) and is de- 
termined in accordance with formula (3). 

J¥ a = J h XS h [3] 

(c) Flange Design Bolt Load W. The bolt load used in the design of 
the flange shall be not less than the average of the minimum required bolt load 
JP m > defined in (a) above, formula (1) or (2), and the actual bolt load W ay de- 
fined in (b) above, formula (3), or 

w = w m + w« (See note 5) 

Note 1. Table UA-8 gives a list of many commonly used gasket materials and con- 
tact facings, with suggested values of m, b, and y that have been proved satisfactory in 
actual service. These values are suggestive only and are not mandatory. Values that 
are too low may result in leakage at the joint, without affecting the safety of the design 
The primary proof that the values are adequate is the hydrostatic test. 

i See Table UA-9 for definitions of all symbols. 
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UA-21-22 SECTION VIII UNFIRED PRESSURE VESSELS 



Note 2. The value r is inserted in order to allow direct comparison of the operating 
temperature loading and initial atmospheric temperature loading and thus makes use of 
the allowable operating temperature bolt stress only, in the remaining calculation. 

Notb 3. The need for providing sufficient bolt load to seat the gasket or joint-con- 
tact surf aces, in accordance with formula (2), will^ prevail on many low-pressure designs 
and in such cases where facings and materials requiring a high seating load are employed 
wherein the bolt load required for the operating conditions, formula (1), is insufficient to 
initially seat the joint. Similarly, on extremely high pressure designs where the bolt 
load is usually governed by the operating conditions, it may be necessary to assure suf- 
ficient gasket or joint contact area to avoid crushing under the initial tightening of the - 
bolts. 

Notb 4. Ordinarily the bolting is selected to correspond with the minimum require- 
ments of (a) above, with some unavoidable excess resulting from selecting the number of 
* bolts, such as in multiples of four. In other cases, particularly on low-pressure designs, 
excess bolting is provided in order to maintain bolt spacings within reasonable limits to 
assure more uniform loading. 

Note 5. This provides, in addition to the minimum requirements for safety, a margin 
against abuse from overbolting of 50 per cent of the excess above the required minimum. 
It is necessarily assumed that reasonable care will be taken in tightening the bolts, since 
any abuse from overpulling the bolts may affect the satisfactory operation of the unit or 
decrease the margin of safety. 

Where additional safety against abuse is desired, or where it is necessary that the flange 
be suitable to withstand the full available bolt load, the flange may be designed on the 
basis of the actual bolt load W a , as defined in (b) above. 

IXA-21 Flange Types, (a) For purposes of calculation, flanges are classi- 
fied under two types as follows: 

(1) Loose- type flanges, as shown in Fig. UA-3: 

Sketches (1),^ (2), (3), (4) 3 lap joint flange; 

Sketch (5), riveted flange, or screwed flange with or without hub; 
Sketch (6), slip-on welded hubbed flange; 

Sketches (7a), (7b), (7c), (7d), slip-on welded ring where the following 
limits are not exceeded: 

Working pressure, 300 psi; metal temperature, 700 F 

g = Vs in. B/zo = 300 

Notb: At the option of the designer, the flanges shown in Figs. UA-3 (6) and (7) may 
be designed on the assumption that they act as integral flanges and the stress calcula- 
tions shall comply with the requirements of Pars. UA-23(a> and UA-24(1). 

(2) Integral-type flanges, as shown in Fig. UA-4: 

Sketch (8), flange integral with nozzle neck or vessel; 
Sketches (9a), (9b), (9c), butt-welded hubbed flange; 
Sketch (10), through-welded ring; 

Sketches (11a), (lib), (lie), slip-on welded ring wheip any of the limita- 
tions given in (1) for sketches (7a), (7b), (7c), and (7d) are exceeded. 

(b) All weld dimensions and other details as indicated shall conform at 
least to the dimensions as shown in Figs. UA-3 and UA-4. 

For Par. U-68 vessels the requirements of Par. U-68(h) shall apply to the con- 
struction shown in Fig. UA-4(9). Otherwise radiographic examination of the 
welds in Figs. UA-3 and UA-4 may be omitted. 

UA-22 Flange Moments. The moments acting upon the flange and used 
in the calculation of flange stresses shall be determined as follows: 

(a) Loose-Type Flanges. (I) For loose-type flanges with or without a 
hub and having a gasket only partially covering the face of a lap on the end 
of the nozzle neck or vessel, as shown in sketches (1) and /3) of Fig. UA-3, 
and for loose-type flanges as shown in sketches (5), (6), (7a), (7b), (7c), and (7d) 
the total moment shall be determined as for integral type flanges in (b) be- 
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BOLTED FLANGED CONNECTIONS UA-23 

low, except that tne force H D shall be considered to act at the inside diameter 
of the flange, in which case: 

, C - B 7 hn + h a 

hD = —J— h T - — ^— „ 

(2) For loose-type flanges with or without a hub and having contact over 
the entire face of a lap on the end of the nozzle neck or vessel, with or without 
a gasket, as shown in sketches (2) and (3) of Fig. UA-3, the total moment 
shall be determined as for integral-type flanges in (b) below, except that the 
force Hn shall be considered to act at the inside diameter of the flange, in 
which case; 

A C ~ B A A C " G 

(3) For loose-type flanges with or without a hub and having line contact 
between the flange and a lap on the end of the nozzle neck or vessel, as shown in 
sketch (4) of Fig. UA-3, the total moment shall be at least equal to the 
product of the design bolt load W and lever arm hw, or: 

(b) ^ Integral-Type Flanges. For flanges classified in Par. UA-21 (a) (2) as 
of the integral type (See Fig. UA-4), the total moment shall be at least equal 
to the sum of the moments acting upon the flange or: 

Flange loads X Lever arms — Moments 



H D = 0.7853^ 


hj> - R + | 


M D = H D X h D 


H T = H-H D 


R+gi+ho 
T = 2 


Mt = Ht X Ht 


H Q = W-H 


* C ~ G 


M G = H a X h Q 



and total moment M Q = Mj> + Mt + Ma, 

(c) No consideration shall be given to any possible reduction in lever arm 
due to cupping of the flanges or due to inward shifting of the line of action of 
the bolts as a result thereof. 

UA-23 Flange Design Stresses, (a) The stresses in the flange as calcu- 
lated from the formulas in Par. UA-24 shall not exceed the values indicated as 
follows. (See note 6): 

Longitudinal hub stress Sh not greater than 1.5 S/ 
Radial flange stress Sr not greater than S/ 
Tangential flange stress S T not greater than S/ 

O I o O I rr 

Also H T* R not greater than S f H T" T not greater than S f 

(b) For hubbed flanges attached as shown in sketches (5) and (6) of Fig. 
UA-3, the nozzle neck or vessel shall not be considered to have any value as a 
hub. 
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SECTION" VIII UNFIRED PRESSURE VESSELS 



(c) In the case of loose flanges with laps, as in sketches (1), (2), (3), and (4) 
of Fig. UA-3, where the gasket is so located that the lap is subjected to shear, 
the shearing stress shall not exceed 0.8 times the maximum allowable working 
stress S/ for the material of the lap, as defined in Table UA-9. In the case 
of welded flanges, such as in sketches (6). (7a), (7b), (7c), and (7d) of Fig. UA-3, 
and sketches (10), (11a), (lib), and (lie) of Fig. UA-4, where the nozzle neck or 
vessel extends beyond the face of the flange to form the gasket or joint-contact 
surface, the shearing stress carried by the welds shall not exceed 0.8 times S/. 
The shearing stress shall be calculated on the basis of H p or H v as defined in 




"t 2 3 4 5' 

Fig. UA-8 Values of "/" (Hub Stress Correction Factor) 

Table UA-9, whichever is greater. Similar cases where flange parts are sub- 
jected to shearing stress shall be governed by the same requirements. 

Nora 6. These rules in their present form do not include any consideration of 
casting quality factors, weld metal efficiencies, and relative effectiveness of design details. 
The proper application of these factors is being studied by the Committee and, in view 
of the war emergency, is left for the consideration of the designer for the time being. 

TXA-24 Calculation of Flange Stresses. The stresses in the flange, deter- 
mined in accordance with the following formulas, shall not exceed the values 
specified in Par. UA-23. 

(1) For integral-type flanges and all hubbed flanges: 
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Fig. UA-7 Values of Fl and Vl (Loose Hub Flange Factors) 



BOLTED FLANGED CONNECTIONS Table UA-9 

JM 



Longitudinal hub stress Sr = 



LgM 



t> j- t n a (4/3 te + \)M 
Radial flange stress *yj=e = — r ,, D — 

Tangential flange stress St = . 2 n° ~ ZSr 

(2) For ring flanges of the loose type: 
_YM 

OT = -Tgrr OJS = Otf — o 

TABLE UA-9 NOMENCLATURE AND VALUES 
(See also Figs. UA-3 and UA-4) 

W m — minimum required bolt load, pounds, Par. UA-20(a) 
W a — actual or maximum available bolt load, pounds, Par. UA-20(b) 
W — flange design bolt load, pounds, Par. UA-20(c) 
H = total hydrostatic end force, pounds, = 0.7S5G 2 p y Par. UA-20(a) 
H p — total joint-contact-surface compression load, pounds, Par. UA-20(a) 
H y — total joint-contact-seating load, pounds, Par. UA-20 (a) 
G = mean diameter of gasket or joint-contact surface, in., except as noted 

Fig. UA-3 sketch (2) 
p — maximum allowable working pressure, pounds per square inch 
*b = effective gasket or joint-contact-surface seating width, inches 
*2b ~ effective gasket or joint-contact-surface pressure width, inches 
n = possible contact width of gasket, inches (See Table UA-8) 
w — width of local concentration on gasket, inches (See Table UA-8) 
*m — unit contact compression factor 

*y = gasket or joint-contact-surface unit seating load, pounds per square inch 
**r = $b/S»> or ratio of maximum allowable bolt stress at operating tempera- 
ture to maximum allowable bolt stress at atmospheric temperature 
Si — maximum allowable bolt stress at operating temperature, pounds per 

square inch — 1.25 times the values given in Table U-2 
S a «= maximum allowable boh stress at atmospheric temperature, pounds per 

square inch = 1.25 times the values give in Table U-2 
Ab ~ total cross-sectional area of bolts at root of thread or section of least 

diameter under stress, square inches 
A — outside diameter of flange, or where slotted bolt holes are used such as 

for swing bolts, the diameter to the bottom of the slots, inches 
B — inside diameter of flange, inches 

When B is less than 20 gi, it will be optional for the designer to sub- 
stitute B\ for B in the formula for longitudinal hub stress Sh, where: 
B\ = B -f- g\ for > loose-type hubbed flanges and for integral-type 

flanges when/ is less than 1 (below chart in Fig. UA-7) 
Bi — B +£•(, for integral-type flanges when/ is equal to or greater than 1 

C — bolt circle diameter, inches 

R =* radial distance from bolt circle to point of intersection of hub and back 
of flange, inches (integral and hubbed flanges) 



* See Note 1, Par. UA-20. 
** See Note 2, Par. UA-20. 
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Table TJA-9 section viii unfired pressure vessels 

gi = thickness of hub at back of flange, inches 

go — thickness of hub at small end, inches 
M = total moment acting upon the flange 

K = A/B or ratio of outside diameter of flange to inside diameter of flange 
T,t7,Y ? Z — terms involving factor X, obtain from Fig. UA-5 
F y V — factors for integral-type flanges, obtain from Fig. UA-6 
Fl s ^l — factors for loose- type hubbed flanges, obtain from Fig. UA-7 

/ = hub stress correction factor (for integral flanges), obtain from Fig. 

UA-8 using values— * and r- For values below chart in Fig. UA-8, 

go ht 
use/ = 1 
h = hub length, inches 

■ h =* \^Bg 0i inches 

/ = flange thickness, inches 

d'= -yhog % for integral- type flanges 

— yr ho£o 2 for loose-type flanges 

F 
e =» — for integral-type flanges 
ho 

— -~ for loose-type flanges 
n 

S/ = for steel, maximum allowable working stress for flange material, or 
nozzle neck or vessel material, pounds per square inch — 1.25 times 
the values given in Table U-2 

Sh = longitudinal stress in hub, pounds per square inch 

Sr = radial stress in flange, pounds per square inch 

St — tangential stress in flange, pounds per square inch 
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APPROVAL OF MATERIALS UA-71-80 

APPROVAL OF NEW MATERIALS UNDER THE A.8.M.E. 
BOILER CONSTRUCTION CODE 

UA-71 ^ If possible^ the material should be identified with an A.S.T.M. 
specification or tentative specification. If the material varies only slightly 
from an A.S.T.M. specification by the addition, say, of a small amount of 
alloying element, it should be stated that the material will comply with 
some specification except as noted and the exception should be stated not 
only as to chemical composition, but as to physical properties and test 
results. 

UA-72 If no A.S.T.M. specification can be applied, the following infor- 
mation should be given in the same form as used by the A.S.T.M.: 

(1) Chemical composition, including for ferrous materials, carbon, 
manganese, phosphorus, sulphur, and silicon, together with alloying 
elements, if any. 

(2) Tensile properties, over the temperature range of contemplated 
service. ' Where the vessels are to be stress-relieved or heat-treated, 
the tensile tests shall be made after the specimens are similarly treated. 

In both (1) and (2) the range rather than an exact determination of 
the properties should be given within which it is commercially prac- 
ticable to reproduce the material. 

(3) Creep strength over any temperature range of contemplated 
service within which the phenomena of creep will lower the working 
strength of the material. 

t UA-73 If any heat-treatment is required to produce the tensile proper- 
ties, it should be stated. 

UA-74 The Brinell or Rockwell hardness should be given unless the 
information is well known for the material in question. This information 
is particularly advantageous if the hardness is higher than for the particular 
materials specified for boiler pressure parts. 

UA-75 If the material is to be used at low temperatures, below F, 
the impact strength at these low temperatures should be given. 

UA-76 It is very important to know whether a new material is subject 
to critical conditions at temperatures within the range of use or fabrica- 
tion. By "critical conditions'* is meant a material change in brittleness, 
hardness, ductility, grain size, etc, t 

UA-77^ It should also be stated if the materials subject to age harden- 
ing or critical structural changes by a combination of physical and tem- 
perature conditions, such, for example, as the age hardening of certain 
aluminum alloys after cold working and subsequent heat-treatment. This 
is particularly importantin conditions which might occur during fabrica- 
tion that result in this critical condition. 

UA-78 Unless the material is well known and not unusual in its char- 
acteristics, the coefficient of thermal expansion over the range of tempera- 
ture within which the material will be used should be given, particularly 
if there is any marked variation from that of ordinary carbon steel. 

UA-79 It should be stated whether the material is commercially availa- 
ble and can^ t>e purchased within the specified range of chemical and 
physical qualities. If the material is covered by patents so that it cannot 
be manufactured by anyone who wishes to use it without securing a license 
or paying royalties, it should be so stated. 

UA-80 If the material is to be welded, it should be stated whether any 
special procedure is required for electric, fusion, or gas welding and the 
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UA-81, 85 SECTION VIII UNFIRED PRESSURE VESSELS 

amount of experience available for determining the weldability. It should 
be stated whether the material is subject to air hardening during welding. 
If special procedure must be followed in fusion welding the material, or if 
the vessel is stress-relieved or heat-treated after welding, the method 
should be specified, including the proper temperatures. 

As a check on weldability, it is recommended that the tests described in 
Section IX of the Code be made, unless equivalent information is available. 

UA-81 Tests, results of which are submitted to the Boiler Code Com- 
mittee, should be made upon the thickest plates contemplated, except as 
otherwise dictated by A.S.T.M. standards. 
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Fig. UA-9 Acceptable Forms of Rivet Heads After Driving — Supple- 
mental to Fig. U-l 
' (These Forms Are Taken From American Standard B18.4r-1937) 



ETCH TESTS 

^UA-85 Etching solutions adopted for carbon and low-alloy steels, together 
with their use, are suggested as follows: 

Hydrochloric Acid. Hydrochloric (muriatic) acid and water equal parts 
by volume. The solution should be kept at or near a boiling temperature during 
the etching process. The specimens are to be immersed in the solution;for a 
sufficient period of time to reveal all lack of soundness that might exist at their 
cross-sectional surfaces. 

Ammonium Persulphate. One part of ammonium persulphate to nine parts 
of water by weight. The solution should be used at room temperature and 
should be applied by vigorously rubbing the surface to be etched with a piece of 
cotton saturated with the solution. The etching process should be continued 
until there is a clear definition of the structure in the weld. 

Iodine and Potassium Iodide. One part of powdered iodine (solia form), 
two partsof powdered potassium iodide, and ten parts of water, all by weight. 
The solution should be used at room temperature and brushed on the surface 
to be etched until there is a clear definition or outline of the weld. 

Nitric Acid. One part of nitric acid and three parts of water by volume. 
(Caution: Always pour the acid into the water. Nitric acid causes bad stains 
and severe burns.) The solution may be used at room temperature and applied 
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ETCH TESTS UA-100 

to the surface to be etched with a glass stirring rod. The specimens may also 
be placed in a boiling solution of the acid but the work should be done in a 
well-ventilated room. The etching process should be continued for a sufficient 
period of time to reveal all lack of soundness that might exist at their cross- 
sectional surfaces. 

To preserve the appearance of the etched specimens they should, after 
etching, be washed in clear water, the excess water removed, then immersed 
in ethyl alcohol, and dried. The etched surface may then be preserved by 
coating 'it with a thin clear lacquer. 



MAXIMUM WORKING PRESSURES— THICK SHELLS 

UA-100 Shells for Internal Pressure. When the thickness of the shell- 
exceeds one half of the inside radius, the maximum allowable working pressure 
on the cylindrical shell of a pressure vessel shall be determined by the following 
formulas : 

P = £E§^-{ or ; - (VZ - 1)R = ( ^fl 1 \r. 

where P — maximum allowable working pressure, pounds per square inch, 

S = maximum allowable unit working stress, pounds per square inch 

taken from Tables U-2 and U-3, 
E — efficiency of longitudinal joints or of ligaments between openings: 

for riveted joints => calculated riveted efficiency, 

for fusion welded joints = efficiency specified in Pars. U-68 and U-69. 

For Par. U-70 use the values of SE given in that paragraph. 

for seamless shells = 100 per cent (unity)* 

for ligaments between openings, the efficiency shall be calculated by the 

rules given in Pars. P-192 and P-193 of the Code. 

7 SE + P /R + t' 



SE- P 



m-(f)' 



/ — minimum thickness of shell plates in weakest course, inches, 
R — inside radius of the weakest course of the shell, inches, 
R — outside radius of the weakest course of the shell, inches. 
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FORM IM MANUFACTURERS' DATA REPORT FOR UNFIRED PRESSURE VESSELS 
As Required by the Provisions of the A.S.M.E. Code Rules 



1. Manufactured by 

2. Manufactured for 

3. Type Unfired Pressure Vessel No. (. 



(Name and address of the manufacturer) 



(Horizontal or Vertical) 

4. Have mill test reports been checked on all the plates entering this unfired pressure vessel. 

Do the chemical and physical properties of all plates meet the requirements of the Code 

5. Shell or Drums: No 



(Name and address of the purchaser) 

) ( ) Year built. 

(Mfrs.' serial, or A.S.M.E. No.) (State and State No.) 



Diameter ft in. Length overall ft in. Height ft in. 

(or width) 



6. Stamps on shell plates Rivets, stays and braces.. 

(Brand and lowest tensile strength) 



(Iron or Steel) 



7. Shell Plates in. Butt straps in. Style of seams: Longitudinal Girth 

(Outer) (Thickness) (Thickness) (Riveted, Forge Welded, Brazed, or Fusion Welded— Par. No.) 



8. Diameter of rivet holes in. Pitch of rivets.. 



.X Efficiency of joint. 



9. Girth Joints Diameter rivet holes in. Pitch of rivets in. No. of courses 

(Single or double riveted) 

10. Inner Shell in. Style of seams: Longitudinal Girth Length of section or course. ft.. 

(Thickness) (Riveted, Forge Welded, Brazed, or Fusion Welded— Par. No.) 



11. Heads: flat or dished in. Radius of dish in. Side to pressure . 

(Thickness) 



If removable, bolts used or method of fastening.. 

(Number and size) 



(Concave or convex) 
(describe or sketch) 



STAYS 



No. 



Size 



Net Area 



Welded or 
Weldless 



Area to be 
Stayed 



Maximum 

Allowable 

Working Pressure 



12. 



(a) F.H.. 

(b) R. H.. 



(c) Through 

(d) Diagonal and Gusset Stays.. 



13. Staybolts If hollow 14. Maximum pitch X Diameter in. 

(Iron or Steel) (Size of hole) (Horizontal) (Vertical) (Over the threads) 

15. Safety Valve outlets: No Size 

16. Fusible Plug (if used): No Diameter and material of filling Location 

17. Outlets: No Size Material of nozzle or reinforcement How attached.. 



(Riveted, welded, etc.) 



18. Drain connection in. Hand Holes or Sight Holes.. 

(Size) 



19. Manholes: 



(Number) 
20. Method of supporting vessel . 



(Size and location of each) 



Reinforcement . 



(Number, size and location) 

(Riveted, welded, etc) 



2t. Bursting pressure psi Hydrostatic test 

22. Constructed for pressure of psi Factor of safetv., 

Remarks: 



(Vessel to be used for air, gas, ammonia, etc) 



We certify the above data to be correct and that all details of material and construction and workmanship on this unfired pressure vessel conform 
to the A.S.M.E. Code for Unfired Pressure Vessels. 



Date.. 



.19 Signed... 



(Manu f a c turer) 



..by.. 



CERTIFICATE OF SHOP INSPECTION 

Insurance Company's Serial Number 

VESSEL MADE BY at „... 

I, the undersigned, holding a certificate of competency as an inspector of steam boilers in THE STATE OF 

, , and employed by the „ „ 

of , inspected internally and externally, the vessel specified in this report, on M 



19 , and certify that the statements made on this report are correct, corresponding with the mill 

test reports of material as furnished by the builders, and measurements made of the vessel when completed; and that 
this vessel is constructed in accordance with the A.S.M.E. Code Rules for the Construction of Unfixed Pressure Vessels. 



Inspector for State or Boiler Insurance Company. 



FORM U-2 MANUFACTURERS' PARTIAL DATA REPORT 
A Part of Boiler or Vessel Fabricated by One Manufacturer for Another Manufacturer 



1. Manufactured by. 



(Name and address of manufacturer of part) 



(a) Manufactured for 

(Name and address of manufacturer of boiler or Teasel) 



2. Identification — Manufacturer's Serial No. of Part 

(a) Constructed According to Blueprint No B.P. Prepared by 

(b) Description of Part Inspected 

3. If welded, what paragraphs of the Code (Pars. P-101 to P-114, inclusive, or Pars. U-68, U-69, or U-70) have been complied with? 






4. Remarks: 



fjSftfl 













CERTIFICATE OF SHOP INSPECTION 

We certify the above data to be correct and that all details of material, construction, and workmanship of the object conform 
to A.S.M.E. Code requirements for parts 



Date , 19 Signed 

(Manufacturer) 



(Representative) 



, Commissions 

Inspector State or Natl, Board and No, 



5(a) Drums 



No. 


Nominal 
diameter 


Length 

Tit In 


Shell plates 


Tubcheeu | ™j*jjg«» 




in. 




Brand 


Material spec. no. 


Thickness 


Inside radius 


Thickness 


Inside radius 


Longitu- 
dinal 


Circum- 
ferential 


1 












t 








2 




















3 




















4 






■ 














5 






1 










I 





No. 


Longitudinal joints 


Circum. joints 


Heads | Hydro- 


No.& 
type* 


Efficiency 


No.& 
type 


Efficiency 


Brand 


Material spec. no. 


Thickness 


Type** 


Radius 
of dish 


Manholes J • < *°? K 
No. Size tcst ' lb 


1 






















1 


2 






















"T 


3 
























4 




















I 


* 1 




















"1 



* Indicate if 1. Seamless; 2. Fusion welded; 3. Forge welded; 4. Riveted. 
5(b) Boiler Tubes (5c) HlADEJts No 



Diameter 


Thickness 


Material specification no. 

































** Indicate if 1, Flat; 2. Dished; 3. Ellipsoidal; 4. Hemispherical. 



(Box or sinuous; Mat. spec. no. ; Thickness) 



Heads oit Ends. Hydro. Test-Lb. 

(Shape; Mat. spec, no.; Thickness) 



5(d) Staybolts. 
Pitch 



(Mat.spec.no.; Diameter; Size telltale; Net area) 
. . . Net Area Max. S.W.P.. . . . 

(Supported by one bolt) 



5(e) Mud Drum Heads or Ends Hydro. Test-Lb. 

(For sect, header boilers. State size; Shape; Mat.spec.no.; Thickness) (Shape; Mat.spec.no.; Thickness) 



6(a) Waterwall Headers 




Heads or Ends 




6(b) Waterwall Tubes 


No. 


Size and shape 


Material spec. no. 


Thickness 


Shape 


Thickness 


Material spec. no. 


Hydro, 
test, lb 


Diameter 


Thickness 


Material spec. no. 



























































































7(a) Economizer Headers 



7(b) Economizer Tubes 



8(a) Superheater Headers 



8(b) Superheater Tubes 



9(a) Other Parts (1). 



(2). 



(3). 



9(b) Tubes for Other Parts 



• I 

b 

c 



10 Openings (1) Steam 

(3) Blow off. 



(No., size, and type of nozzles or outlets) 
(No., size, and type of nozzles or outlets) 



(2) Safety valve 
(4) Feed 



(No., size, and type of nozzles or outlets) 
(No., size, type, and location of connections) 
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Bursting pressure 
weakest part 


Maximum S.W.P. 


Factor of safety 


Shop hydro, test 


Heating surface 


a 
b 


Boiler 












Waterwall 












c 


Economizer 












d_ 
e 


Superheater 












Other parts 













Hearing surface 
to be stamped on 

drum heads. 
This heating surface 
, not to be used for 

determining minimum 
safety valve capacity. 



12 

Field hydro, test 



FORM U-3 (FORMERLY U-V/z) MANUFACTURERS' CERTIFICATE COVERING 
NON-INSPECTED UNFIRED PRESSURE VESSELS 

As Required by the Provisions of the A.S.M.E. Code Rules 



1. Manufactured by 

(Name and address of the manufacturer) 

2. Manufactured for 

(Name and address of the purchaser) 

3. Type Unfired Pressure Vessel No. ( ) ( ) Year built. 

(Horizontal or vertical) (Mfrs.' serial, or A.S.M.E. no.) (State and state no.) 

4. Have mill test reports been checked on all the plates entering this unfired pressure vessel 

Do the chemical and physical properties of all plates meet the requirements of the Code 



5. Shell or Drums: No Diameter ft in. Length over-all ft in. Height ft in. 

(Or width) 

6. Stamps on shell plates Rivets, stays and braces 

(Brand and lowest tensile strength) (Iron or steel) 

7. Shell Plates in.. Butt straps in. Styles of seams: Longitudinal Girth 

(Outer) (Thickness) (Thickness) (Riveted, forge welded, brazed, or fusion welded — type of) 

8. Diameter of rivet holes. in. Pitch of rivets X . X Efficiency of joint % 

9. Girth Joints Diameter rivet holes in. Pitch of rivets in. No. of courses 

(Single or double riveted) 

10. Inner Shell in. Style of seams; Longitudinal Girth Length of section or course ft in. 

(Thickness) (Riveted, forge welded, brazed, or fusion welded — type of) 

11. Heads: Flat or dished in. Radius of dish in. Side to pressure 

(Thickness) (Concave or convex) 



If removable, bolts used or method of fastening , 

(Number and size) (Describe or sketch) 



12. Staybolts If hollow 13. Maximum pitch X Diameter in. 

(Iron or Steel) (Size of hole) (Horizontal) (Vertical) (Over the threads) 

14. Safety Valvb outlets: No Size 

15. Have the welding operators and the welding procedure been qualified in accordance with Code requirements? 



16. Drain connection in. Hand Holes or Sight Holes 

(Size) (Number, size, and location) 

17. Bursting pressure psi Hydrostatic test lb 

18. Constructed for pressure of psi Maximum stress in shell plate psi 

Remarks: 

(Vessel to be used for air, gas, ammonia, etc.) 

We certify the above data to be correct and except for the omission of shop inspection that all details of material and construction and 
workmanship on this unfired pressure vessel conform to the A.S.M.E. Unfired Pressure Vessel Code. 

Date 19 Signed by 

(Manufacturer) 
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Page 

Abrasion, design of vessels for, U-ll 4 

Access and inspection openings, U-53 to 

U-58 38 

Air tanks, safety valves for, U-10 4 

Allowance for corrosion, U-ll 4 

Annealing 

forge-welded vessels, U-87 84 

fusion- welded vessels, U-76 75 

welded test plates, U-68 58 

Applicability of Code, U-l . 1 

Approval of new materials for'pressure 
vessels, U-13, U-71, UA-71 to UA- 

81 5,70,141 

Area of stay for computations, U-47 36 

supported by stays, TJ-50 37 

Attachment of stiffening rings to shell, 

XJ-130 97 

stress-relieving, U-76 75 

Backing strip, U-73 73 

Bend test welded joints, U-68, U-69, 
U-70 58, 68, 69 

Blind aanges, rules for, U-39 27 

Bolted connections for nozzles, U-59... . 40 

Bolted flanged connections 

attachment, UA-24 138 

bolt stresses, UA-20 133 

bolt studs, UA-19 130 

design of, U-39 27 

design stresses for, UA-20, UA-23. . . 133, 137 

flange stresses, UA-23 137 

materials, U-13, U-73, UA-19 5, 73, 130 

rules for, UA-18 to UA-24 130 

types, Figs. UA-3, UA-4 135 

Bolts, UA-19 130 

Braced surfaces, U-40 to U-50 31 

Braces 

allowable stress on, U-50 37 

spacing between, U-43 35 

Brackets to support vessels, U-60 52 

Brazed connections for nozzles, U-59 ... 40 

joint, strength of, U-94 86 

joints, rules for, U-25, U-91 to U-96. . . 17, 86 
vessels 

material for, U-91 85 

punching rivet holes in, U-92 85 

Brazing 

girth joints, U-96 86 

heads into shells, U-96 86 

joints, methods of, U-95 86 

rules for, U-91 to U-96 86 

Bronze valves and fittings limited in 

temperature, U-20 11 

Buckey type grid, U-68 58 

Butt straps 

curvature of, U-32 19 

thickness of, U-18 . 11 

Butt straps of riveted joints, welding 

ends of, U-32 19 

Calking of plate edges, U-52 37 

Carbon content in material for welding, 

U-71 70 

Cast iron 

circular dished heads, U-37 25 

nozzles and fittings, U-59 * 40 

parts, small, U-12 5 

parts, working stress, U-13 5 



Pagb 

pipe fittings, U-13 5 

requirements for use in construction, 

U-13 5 

riveted connections, U-59 40 

vessels, requirements, U-13 5 

Cast steel for specially shaped parts, 

U-13 5 

Circumferential joints 

back pitch of rivets in, U-27 17 

brazing, U-96 ■. . 86 

in fusion- welded vessels, U-73. ... 73 

radiographing, U-68 58 

strength of, U-29 18 

vessels subjected to external pressure, 

U-137 99 

Compressed air for testing gas storage 

vessels, U-64 53 

Compressed-air tanks, saftty valves for, 

U-10 4 

Computing working pressure from hy- 
drostatic tests, UA-9, UA-11 122, 123 

Connections 

bolted flanged (See Bolted Flanged 
Connections) 

expanded, U-59 40 

forge-welded, U-59 40 

from vessels to safety valves, U-6 3 

fusion-welded, U-59 40 

pipe threads, U-59 40 

riveted, U-59 40 

stress-relieving of, U-76 75 

studded, U-59 40 

threaded, U-59 40 

Controlling devices, U-2 2 

Corrosion, vessels subject to, U-62 53 

Corrosive substances, vessels for, U-ll . . 4 
Cover plates 

in manholes and handholes, U-54. ... 39 

thickness of, U-39 27 

Crushing, resistance of steel plate to, 

U-15 9 

Cylindrical vessels subjected to external 

pressure, U-120 to U-138 87 



Data report 

manufacturers', U-65 54, 140-141 

partial report form 140-141 

Defects in fusion-welded vessels, repair 

of, U-77 77 

Deformation test, hydrostatic, U-51 37 

standard practice for, UA-1 to UA-11. 12 1 

Diameter exemption, U-l 1 

Discharge of safety valves, U-2 2 

Dished heads 
attachment of, to forge-welded vessels, 

U-90 85 

butt joint for, U-36 21 

corner radius of, forge-welded vessels, 

U-83 83 

corner radius of, unstayed, U-38. .... 26 

depth of flange of, U-38 26 

depth of flange of, forge-welded ves- 
sels, U-84 83 

insertion of, fusion-welded vessels, 

U-73 73 

joint, weakest, efficiency of, U-36 21 

on fusion-welded vessels, U-75 75 

rules for, U-36 to U-39 21 

unreinforced openings in, U-36 21 
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Distortion of fusion-welded vessels, U-79 . 

supports to prevent, U-17 

Dome plates, thickness of, U-17 

Domes, construction of, U-33 

Drainage of vessels subject to corrosion, 
U-62 



19 
4 
3 

79 



Eccentricity of shells, U-79, U-125 82, 91 

Edges of plates, calking of, U-52 37 

Efficiency of fusion- welded joints, U-68, 

U-69, U-70 58, 69, 70 

Electric-resistance butt welding, rules 

for, U-23, U-110 to U-114 16, 87 

Ellipsoidal heads, rules for, U-36 21 

Ends of shell plate forming longitudinal 

joints, TJ-32 

Erosion, design of vessels for, TJ-11 

Escape pipe for safety valves, U-6 

Etching 

of sectioned specimens, U-78 

solutions for examination of materials. 

UA-85 , 142 

Examination of sectioned specimens, 

U-78 79 

Exemptions, diameter and volume, U-l 1 
Expanded connections for nozzles, U-59 . 40 
External pressure, rules for vessels, sub- 
jected to, U-120 to U-138 87 

External pressure vessels 

design of heads for, U-135. . . , : 98 

joints in shells of, U-136, U-137 98, 99 

nozzle openings in, U-138 99 

shell thickness of, U-122 91 

supports for, U-134 98 

thickness of shell, U-122, U-124 91 

working pressure, for vessels subjected 
to, U-20, U-121, U-123 . . . 11, 91, 91 



Pagb 
Pagb depth of flange for dished heads of, 

82 U-84 83 

9 heating medium for, U-85 83 

9 stress-relieving, U-87 84 

19 thickness of plate for, U-81 83 

Forge welding 

53 joints, U-24, U-80 to U-90 17. 83 

methods of , U-86 84 

Form, manufacturers' data report. . . . 140-141 

partial report form 140-141 

Forming ends of shell plates and butt 

straps, U-32 19 

Formula for computing working pres- 
sure, U-20 11 

Fusion-welded vessels 

dished heads on, U-75 75 

distortion of, U-79 82 

holes in joints of, U-74 75 

inspection of, U-78 79 

joints of, U-73. 73 

limitations of, U-22 16 

stress-relieving joints in tests of, U-77. 77 

stress-relieving of, U-76. . 75 

Fusion welding 

connections for nozzles, U-65 54 

materials for, U-71 70 

methods of, U-72 71 

preparation for, U-72 71 

process, definitions, U-67 58 

rules for, U-22, U-67 to U-79 16, 58 

test requirements for, U-68 to U-70 ... 58 



Ferrous tubes for pressure vessels, U-13 . 
Filler plugs for closing trepanned holes, 

U-78 , 

Fittings and valves, to be marked, U-20 . 

screwed, of cast iron or malleable iron, 

U-13 

Flame cutting of plates for welding, U-72 
Flanged fittings for pipe openings, U-59 . 

manhole in dished head, U-38 

Flanges 

attachment, UA-22 

for threaded connections, U-59 

of dished heads for welding, U-75 .... 
Flared connections for nozzles, U-59.. . . 
Flat heads 

thickness of, U-39 

unstayed, openings in, U-39 

welding of, U-73 

Flat spots on dished heads, U-37 

Flat surfaces to be stayed, U-40 

Forged parts, small, U-12 

Forge-welded connections for nozzles, 
U-59 

joints, strength of, U-82 

Forge-welded vessels 

annealing of, U-87 

attachment of dished heads to, U-90. . 

connections for nozzles, U-59 

corner radius of dished heads of, U-83 . 



79 
11 

5 
71 
40 



136 
40 
75 
40 

27 
27 
73 
25 
31 
5 

40 
83 

84 
85 
40 



Gage, pressure, dial of, U-2 2 

Galvanized vessel, test of, U-64 53 

Gas storage vessels 

construction of, U-69, U-70 68, 69 

test of, U-64 53 

Girth joints (See Circumferential Joints) 



Hammer test of fusion-welded vessels, 

• U-77 77 

Handholes and manholes, U-53 to U-58 38 

Handhole yokes, material of, U-58 39 

Head joints 

brazing, U-96 .. . 86 

fusion welding of, U-73 73 

welded, U-70 69 

Heads 

brazing, into shells, U-96 86 

concave and convex, U-36 21 

dished (See Dished Heads) 

flat (See Flat Heads) 

openings in, U-39 

reinforcements, U-42 

rivets, forms of, U-35 

thickness of, after flanging, U-17 

vessels subjected to external pressure, 

U-135 :. 

Heating medium of fOrge-welded vessels, 

U-85 

Hemispherical heads, rules for, U-36. . . 
Holes 

for rivets and staybolts, U-34 

for screw stays, U-48 .-...■ 

from trepanning plug sections, refill- 
ing, U-78 

reinforcement of, U-59 



21 



telltale, U-62 . , 53 
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Page 

unreinforced, in fusion-welded joints, 

U-74 75 

unreinforced, size, U-59 40 

Hydrostatic pressure test 

enameled vessels, U-64 53 

fusion-welded vessels, U-77 77 

gas storage vessels, XJ-64 53 

pressure vessels, U-64 53 

standard practice for making, U-51, 

XJA-1 to UA-11 37, 121 

I dentification markers, radiographs, U-68 58 
Identification of welds by stamping, 

U-69, U-70 68, 69 

Impact testing of fusion-welded vessels, 

U-77 7 

Impact tests for materials operated at 

low temperatures, U-142 101 

Indicating and controlling devices, U-2. 2 
Inspection 

of fusion- welded vessels, U-78 79 

of vessels, U-65 54 

Inspection and access openings, U-53 to 

U-58 38 

Inspector's control of stamping, U-66.. 55 

Integral cast iron dished heads, U-37. . . 25 
Internal inspection of welded vessels, 

U-65 54 

Internal pressure, U-20 11 

Iron rivets, shearing strength of, U-16. . 9 

Joints 

brazing, U-25, U-91 to U-96 17,86 

calking of, U-52 37 

circumferential (See Circumferential 

Joints) 
efficiency of fusion-welded, U-68, 

U-69, U-70 58, 68, 69 

efficiency of riveted, U-26 17 

electric-resistance, butt welding, rules 

for, U-23, U-llOto U-114 16,87 

forge-welded, strength of, U-82 83 

forge welding, rules for, U-24, U-80 to 

U-90 17,83 

fusion-welded, strength of, U-70 . . 69 

fusion welding, rules for, U-22, U-67 to 

U-79 16, 58 

head (See Head Joints) 
in vessels subjected to external pres- 
sure, U-136, U-137 . . .98, 99 

longitudinal (See Longitudinal Joints) 
of forge-welded vessels, thickness of 

weld for, U-86 84 

of pressure vessels, U-21 to U-25 16 

pipe, radiographing, U-68 58 

riveted (See Riveted Joints) 

strength of, in brazed vessel, U-94, . . 86 

Lap joints, welded, U-70, 66 

Lap-riveted joints, limits of shell, U-31. 18 

Lethal gases or liquids, U-69, U-70 68, 69 

Limit of out-of -roundness of shells, U-79, 

U-125 82,91 

Limit of working pressure, U-19 11 

Limitation on fusion-welded vessels, 

U-69, U-70 68, 69 

Local stress-relieving, U-76 75 

Longitudinal joints 

brazing, U-95 86 
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fusion welding of, U-73 73 

lap-riveting, U-31 18 

location of rivet holes on, U-28 18 

of domes, U-33 19 

riveted, type of, U-30 18 

rules for, riveted, U-30 to U-33 18 

vessels subjected to external pressure, 

U-136 98 

Low-temperature operation, safety 

valves, U-7 4 

Low-temperature vessels 

design of other than seamless, U-141 . . 101 

design of seamless, U-140 99 

for gases and liquids, rules for, 

U-140 to U-144 99 

impact test requirements, U-142 101 

safety devices, U-143 104 

stamping, U-144 104 

testing of material for, U-142 101 

Lugs or brackets to support vessels, U-60 52 



Machining 

welded joints, U-73 

welded plates, U-72.^ 

Manhole yokes, material of, U-58. . . . 
Manholes 

and handholes, U-53 to U-58 

cover plates, U-54, U-58 

elliptical, size of, U-53 

frames, design of, U-55 

opening in dished head, U-36 

openings, sizes of, U-54 

plates, material of, U-58 

reinforcement, material of, U-55... 
Manufacturers' data report, U-65. 54, 140-141 

partial 140-141 

Manufacturer's name, serial number, 

stamping, U-66 55 

Marking of valves and fittings, U-20. . . 11 

of pressure vessels, U-66 55 

Material 

forge welded vessels, U-80 83 

fusion-welded vessels, U-71 70 

nonferrous, working stresses for, Table 
U-3 10 

riveted vessels, U-13 5 

specifications for, U-12 to U-14 5 

Materials, approval of new, U-13, U-71, 

UA-71 to UA-81 5,70,141 

Measurement of out-of-roundness of 

shells, U-79, U-125 82, 91 

Maximum allowable working pressure 
(See Working Pressure) 

Minimum thickness of plate, U-17 

Multiple safety valves, connection of, 
U-6 
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Name plates for thin shells, U-65 55 

New materials, approval of, U-13, U-71, 

UA-71 to UA-81 5,70,141 

Nondestructive tests, U-68 58 

Nonferrous materials, working stresses 

for, Table U-3 10 

plates for vessels, U-13 5 

Nonferrous tubes 

for pressure vessels, U-13 5 

working pressures, allowable, U-20 . . 11 

Noninspected vessels, U-l 1 

Nonpressure parts, attachments of, U-76 75 
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Page 

Nozzle constructions, types, Fig. U-10. . 49 

Nozzle connections 

brazed, U-59 , . 40 

expanded, flared, U-59 40 

forged welded, U-59 40 

fusion welded, U-59 40 

riveted, U-59 40 

studded, U-59 40 

threaded, U-59 40 

Nozzle openings 

reinforced, U-59 1 40 

unreinforced, U-59 40 

vessels subjected to external pressure, 

U-138 99 

Nozzles 

attachment of, to shell of, U-59 40 

materials of, when fusion welded, U-71 70 

Nuts, heavy, table of, UA-17 128 

Offset of edges of plates at joints, U-72 . . 71 

Openings 

adjacent, U-59. . . . ; 40 

circular or elliptical, U-59 40 

in dished heads, reinforced, unrein- 
forced, U-36 21 

in shells, methods of computation of, 

UA-12 to UA-17 124 

in unstayed flat heads, U-39 27 

manhole (See Manholes) 
nozzle (See Nozzle Openings) 

threaded, connections, U-59 40 

unreinforced, reinforced, U-59 40 

Out-of-roundness, U-79, U-125 82, 91 

Overpressure limit for vessels, U-2 2 

Partial datareDort, manufacturers', U-65 64 

Parts of small size, specifications for, U-12 5 

Penetrameters, U-68 58 

Pipe connections, openings for, U-69. . . 40 

Pipe connections to brazed' vessels, U-93 85 
connections to forge-welded vessels, 

U-88. 85 

Pipe threads, table of, U-59 40 

Pipes, nonferrous, working pressures of, 

U-20 11 

Planing edges of plates, U-52 37 

Plates 

for brazed vessels, U-91 85 

for riveted vessels, U-13 5 

laying out, U-61 52 

less than »/< in. thickness, U-61 52 

manhole, material of, U-58 39 

nonferrous, for vessels, U-13 5 

planing edges of, U-52 37 

preparation of test, U-68 58 

scarfing edges of, U-86 84 

steel, crushing strength of, U-15 9 

steel, thickness of, for forge-welded 

vessels, U-81 83 

steel, with other than riveted joints, 

U-13 5 

thickness of, U-17 9 

thickness of, for braced and stayed 

flat surfaces, U-40 31 

thickness of, for fusion-welded vessels, 

U-69, U-70 68, 69 

welded, cutting of, U-72 71 

Porosity, welded joints, U-68 58 

Preparation of plates for welding, U-72. 71 
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Pressure 

allowed on shell of vessel, formula for, 

U-20 -..„. 11 

exemption, U-l 1 

external, rules for vessels subjected to, 

U-120 to U-138 87 

hydrostatic test, U-64 53 

limitations on fusion- welded vessels, 

U-69, U-70 68, 69 

limits, U-l 1 

testing, of fusion-welded vessels, U-77 77 
working (See Working Pressure) 
Proportional limit testing of pressure 

parts, UA-8 122 

Qualification of welding process and 

operators, U-68, U-69, U-70. . . .58, 68, 69 

Radiographing welded joints, U-68 58 

Radiographs, U-68 58 

Reaming rivet and staybolt holes, U-34 20 
Reinforcement (See Flat Heads, Shell, 

Staybolts, etc.) 

Reinforcement of nozzle openings, U-59 40 
of openings in shells, computation of, 

UA-12 to UA-17 124 

of shells, subjected to external pres- 
sure, U-126 to U-133 93 

structural, U-42 34 

Reinforcing ring for manhole, U-55 39 

Relief devices, U-2 2 

Relief valves (See Safety Valves) 
Relieving capacity of safety valves, U-2. 2 
Repairs, testing on fusion-welded ves- 
sels, U-77 77 

Report form, manufacturers' data. . .140-141 
Resistance, electric, butt welding, rules 

for, U-23, U-110 to U-114 16, 87 

Responsibility of manufacturer, U-68, 

U-69, U-70 58, 68, 69 

Retests of welded specimens, U-68 58 

Rings, stiffening, attachment to shell, 

U-130 97 

stiffening, for vessels subjected to ex- 
ternal pressure, U-126 to U-133 93 

Rivet holes, U-34 20 

in brazed vessels, punching, U-92. ... 85 

punching and reaming, U-34 20 

Riveted connections for nozzles, U-59. . 40 
Riveted joints 

back pitch, U-27 17 

efficiency of, U-26. 17 

rules for, U-21, U-26 to U-35 16, 17 

spacing of, holes, U-28 18 

Riveted longitudinal joints, U-30 18 

Riveting, U-34 to U-35 20 

Rivets 

allowable shearing strength of, U-16 . . 9 

length of, and heads for, U-35.. 20 

pitch of, in riveted joints, U-27 17 

Rolled parts, small, U-12 ,. 5 

Root-break test, U-69, U-70, 68, 69 



Safety devices, U-2 

for unfired steam boiler, U-2 

Safety valves 

connection to vessels, U-6 

construction of, U-3 

discharge capacity of multiple, U-5. . 
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Page 
drain when exposed to low tempera- 
ture, U-7 4 

escape pipe for, U-6 3 

marking of, U-3 3 

requirements for vessels, U-2 2 

setting of, U-4 3 

sizes for compressed-air tanks, U-10 . . 4 

springs, adjustment of, U-8 4 

stamping of, U-3 3 

test of, U-9 4 

Screw stay, minimum diameter of, U-46 36 
Screwed staybolts, pitch, table of, U-44 35 
Seal welded nozzle, computation of open- 
ing for, UA-13 124 

Seal welding of calking edges, U-52. ... 37 
Seamless steel containers for low tem- 
perature gases and liquids, U-140 

toU-144 99 

Sectioning test for inspection of welded 

joints, U-78 , 79 

Shearing strength of rivets, U-16 9 

plates for welding, U-72 71 

Shell 

brazing heads into, U-96 86 

plate, ends of rolled or formed, U-32 . . 19 

plate, thicknesses of, U-17 9 

pressure vessel, to determine pressure 

on, U-20 11 

reinforcement of, under a dome, U-33 19 
thickness, for vessels subjected to ex- 
ternal pressure, U-122. 91 

Shells, methods of computation of open- 
ings in, UA-12 to UA-17 124 

Side-break test, U-69, 68 

Size limits of vessels, U-l 1 

Slag inclusions in welds, U-68 68 

Small parts, specifications for, U-12 5 

Solutions, etching, for examination of 

materials, UA-85 142 

Soundness tests, U-69, U-70, U-78.. 68, 69, 79 

Spacing between braces, U-43 31 

Specifications for materials, U-12 to U-14 5 
Specimens test, U-68, U-69, U-70. . . .58, 68, 69 
Spherical sections of vessels, construc- 
tion of, U-31, U-36 19, 21 

Springs for safety valves, adjustment of, 

U-8 1 4 

Stamp, official code symbol, source of, 

U-66 65 

Stamping 

fusion-welded connections, U-59 40 

location of, U-66 65 

of multi -pressure vessels, U-66 55 

of safety valves. U-3 3 

of vessels, U-63, U-66 53, 55 

Stamps 

not to be covered by insulation, U-66. 55 

to be visible on plates, U-61 52 

Static head, effect of, in setting safety 

valves, U-4. 3 

effect of, on limiting stresses, U-20. . . 11 

Stay, screw, diameter of, U-46 36 

Staybolts 

adjacent to edges of staybolted sur- 
face, U-45 36 

and rivet holes, U-34 20 

ends of, U-40, U-41 31 

holesfor, U-48 36 

holes, punching and reaming, U-34. . . 20 

pitch of, U-40 31 
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screwed, computation of values of, 

U-44 -. 35 

screwed, pitch of, Table U-5 35 

stress on, U-50 37 

welded-in, U-41 32 

Stayed surfaces, U-40 to U-50 31 

Staying dished heads, U-37 25 

Stays 

allowable stress on, U-50. . 37 

cross-sectional area taken in calculat- 
ing stress, U-47 36 

screw, holes for.U-48 36 

upset for threading, U-49 37 

welded, U-41 32 

Steam-generating vessels, unfired, con- 
struction, U-2 2 

Steel 

plate, crushing resistance of, U-15.. . . 9 

plates, specifications for : U-13 ...... 5 

plates with other than riveted joints, 

U-13 5 

rivets, shearing strength of, U-16 .... 9 * 

stays and staybolts, U-40 to U-50 32 

Stenciling plates for identification, U-61 52 
Stiffening rings, attachment to shell, 

U : 130 v . 97 

Stiffening rings for vessels subjected to 

external pressure, U-126 to U-133.. 93 
Stiffness support of large vessels for, 

U-17 9 

Straps, butt 

rolled or formed, U-32 19 

table of thicknesses of, U-18 11 

Strength 

of brazed joint,U-94 86 

of circumferential joints, JJ-29 18 

of rivets, allowable shearing, U-16.. . . 9 
of vessel that cannot be calculated, to 

be tested, U-61 37 

Strength- welded nozzle, computation of 

opening for, UA-13 124 

Stress relief of connection for nozzles, 

U-59 40 

Stress-relieving 

forge-welded vessels, U-87 85 

fusion-welded connections, U-76 75 

fusion-welded vessels, U-76 75 

welded test plates, U-68 . . . . 58 

Stress, working, used in computations, 

U-14 9 

Stresses, working, for nonferrous ma- 
terials, Table U-3 10 

Structural reinforcements for heads,U-42 34 
Substances, corrosive, pressure vessels 

for, U-ll 4 

Supports 

pressure vessels, U-60 52 

vessels subjected to external pressure, 

U-134 98 

Tables 

design stresses for bolted flanged con- 
nections, UA-21 136 

dimensions for 125 lb cast-iron flanges 116 

dimensions for 250 lb cast-iron flanges 117 

facing dimensions for flanged fittings. 107 
flanges for primary service pressure 

ratings 108 

pipe threads for connections, U-59. . . 40 

pitch of staybolts, ends riveted, U-44 35 
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Page 
service pressure ratings for steel 

flanged fittings , 106 

standard heavy nuts, UA-19 130 

stresses for staybolts and braces, 

U-50 37 

thicknesses of butt straps, U-18 11 

working stresses for ferrous materials, 

U-20 11 

working stresses for nonferrous ma- 
terials, U-20 11 

Tapping holes for screw stays, U-48 36 

Telltale holes, U-62 53 

Temperature 

effect of, in testing fusion-welded ves- 
sels, U-77 * . . 77 

limitation of brazed vessels, U-25. ... 17 

limitation of stress-relieving, U-76 75 

limitations on fusion-welded vessels, 

U-69, U-70 68, 69 

Tension tests, U-68, U-69, U-70 58, 68, 69 

Test 

galvanized vessel, U-64 53 

hammer, U-64 53 

hydrostatic pressure, U-64 53 

of cast-iron vessels, U-13 5 

of fusion-welded vessels, U-77. . ...... 77 

requirements for fusion-welded ves- 
sels, U-68 to U-70 58 

specimens, U-68, U-69, U-70 58, 68, 69 

vessels whose strength cannot be cal- 
culated, U-51, UA-1 to UA-9 37, 121 

Test plates, preparation of, U-68 58 

Test welds, preparation of, U-69, U-70. 68, 69 

Thickness gages, details, U-68 58 

of plates, minimum, U-17 9 

Thin plate, marking, to identify in ves- 
sel, U-61 52 

Threaded 

connections for nozzles, U-59 40 

inspection openings, U-54. 39 

joints and parts, on flat heads, re- 
quirements, U-39 27 

openings, U-59 40. 

Threads, pipe, table of number of, U-59 40 

Through stays, U-40 31 

Transferring stamps in laying out plates, 

U-61 52 

Trepanning test for inspection of welded 

joints, U-78 79 

Tube holes in fusion-welded joints, U-74 75 
Tubes 

material of, U-13 5 

nonferrous, working pressures of, 

U-20 11 



Unfired steam boiler, U-2 . 



Valves and fittings, to be marked, U-20 11 

safety (See Safety Valves) 
Vertical vessels subject to corrosion, 

U-62 53 

Volume exemption, U-l 1 

Welded joint, U-68 58 

porosity, U-69, U-70 68. 69 

radiographic testing, U-68 58 

stress relieving, U-76, U-87 75, 84 

unit working stress of forge-welded, 

U-82... 83 

unit working stress of fusion-welded,. 

U-70.. # 69 

Welded' reinforcement of nozzle open- 
ings, U-59 40 

Welded vessels 

dished heads on, tJ-75 75 

distortion of, U-79 82 

limitations of, U-22 16 

stays, cross-sectional area of, Ut47. . . 36 

stress-relieving, U-76, U-87 75, 84 

tests of, U 77 77 

Welding 

cutting plates for, U-72 71 

forge (See Forge Welding) 
fusion (See Fusion Welding) 

preparation for fusion welding, U-72. 71 

tests of, U-69, U-70 68, 69 

Welds 

acceptability, U-68 58 

Working pressure, maximum allowable, 

U-2, U-20 2,11 

braced and stayed surfaces, U-40 .... 31 

cast-iron vessels, U-13 5 

definition of, U-19 11 

external, determination of, U-20, 

U-121 11,91 

gas storage vessels, U-69, U-70 68, 69 

hydrostatic test to determine, UA-1 to 

UA-11 121 

internal computation of, U-20 11 

on shells with lap-riveted joints, U-31 18 
vessels subjected to external pressure, 

U-121 91 

Working stresses 

for cast iron, U-13 5 

for nonferrous materials, Table U-3. 10 



152 



Do You Want Future Addenda to the 
A.S.M.E. Boiler Construction Code? 

ADDENDA SHEETS to the various sections of the A.S.M.E.- 
Boiler Construction Code are prepared annually, by the Boiler 
Code Committee. This material may be purchased at a 
nominal charge. 

If you wish to receive this information, the Society will 
gladly arrange to notify you when the addenda sheets are 
available, thus giving you an opportunity to keep your Codes 
up to date. All you need do now is to sign and return this res- 
ervation form. 

Name 

(Please print) 

Company 

Street 

City State 

(over) 



Sections op 

A.S.M.E. Boiler Construction Code 

Available Separately 



1943 Combined Edition 

Price 39.75 



Power Boilers 

Construction Rules Only 

Including Rules for Inspection 

(1943 Edition with 1944 Addenda) 

Price 32.25 

Material Specifications 

(1943 Edition' with 1944 Addenda) 

Price $3.00 

Low-Pressure Heating Boilers 

(1943 Edition with 1944 Addenda) 

Price 75c 

Unfired Pressure Vessels 

(1943 Edition with 1944 Addenda) 

Price 31.50 



Boilers of Locomotives 

(1943 Edition with 1944 Addenda) 

Price 75c 

Miniature Boilers 

(1943 Edition) 

Price 50c 

Suggested Rules for Care 
of Power Boilers 

(1943 Edition) 

Price 31.00 

Qualification of Welding 

Procedure and Welding 

Operator 

(1943 Edition with 1944 Addenda) 

Price 65c 



Boiler Code Interpretation Service 

Available in loose-leaf form 
Annual Subscription Price 35.00 



20 Per Cent Discount to d.S.M.E. Members 



ADDENDA 

TO 

A.S.M.E. BOILER CONSTRUCTION CODE 

Unfired Pressure Vessel Code 

Approved by Council, The American Society of Mechanical Engineers, 
August 25, 1944 

Foreword Insert as the ninth paragraph 

Revisions and cases are permissible for constructions to be 
stamped with the A.S.M.E. Code symbol beginning with date 
of A.S.M.E. Council approval printed thereon. Unless specifi- 
cally stated otherwise, Code revisions and cases become 
effective as minimum requirements six months thereafter, 
except for boilers or pressure vessels sold, constructed, or under 
construction, prior to the end of the six-month period. Manu- 
facturers are cautioned that permission to use revisions and 
cases, if less restrictive than previous requirements, should be 
obtained from the proper authorities of the state or munici- 
pality in which installation is to be made unless such jurisdiction 
has, specifically or automatically, adopted such revisions and 
cases. 

Par. U~2 Insert center heading above this paragraph 
to read: "Safety Devices' 9 

Par. U-2(a) Revised 

(a) All pressure vessels shall be protected by adequate 
safety and relief valves together with such indicating and 
control devices as will insure safe operation except that, on 
vessels containing substances that may, for any reason, render 
a safety valve inoperative, or where a loss of valuable material 
by leakage should be avoided, or contamination of the atmos- 
phere by leakage of noxious gases must be avoided, rupture 
disks may be used in lieu of safety valves. The safety valves 
or rupture disks, when used, shall be set to operate at not to 
exceed the maximum allowable working pressure stamped on 
the vessel and the relieving capacity shall be sufficient to prevent 
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ADDENDA TO A.S.M.E. UNFIRED PRESSURE VESSEL CODE 

Par. U-2(a) {Continued) 

a rise of pressure in the vessel of more than 10 per cent above 

the maximum allowable working pressure. All discharges 

shall be carried to a safe place. All protective devices shall 

be so constructed, located, and installed that they cannot readily 

be rendered inoperative. 

Par. U-3 Omit center heading above this paragraph 

which reads: "Safety Valves for Steam or Air." 
Par. U~3 Add the following 

(c) ' Rupture disks may be used if they meet the require- 
ments of Par. U-10(b) and the relief area is at least equal to 
the cross-sectional area of the connection thereto (See Note). 

Note: It is common practice to keep the actual working pressure somewhat 
below the rupture disk bursting pressure which must not exceed the maximum 
allowable working pressure, in order to prevent its premature failure due to 
fatigue. 

Par. U-10 Renumber as Par. U-9 and insert the fol- 
lowing new Par. U-10 

U-10 (a) A rupture disk may be installed between a spring- 
loaded safety valve and the vessel provided: 

(1) The valve is ample in capacity to meet the require- 
ments of Par. U-2; 

(2) The disk is designed to rupture at not more than 
the maximum allowable working pressure of the vessel; 

(3) The opening provided through the disk, after break- 
age, is sufficient to permit a flow equal to the capacity of the 
attached valve and there is no chance of interference with the 
proper functioning of the safety valve; 

(4) The connection between the disk and the safety 
% valve is so arranged as to form a pocket in which any detached 

fragment of the disk will be retained, and this space is pro- 
vided with a pressure .gage, try* cock, or free vent to in- 
dicate whether the rupture disk has leaked or burst, 
(b) Every rupture disk shall have a specified temperature, 
bursting pressure, and lot number and shall be guaranteed by 
its manufacturer to burst within 5 per cent (plus or minus) of 
its specified bursting pressure. 

The specified bursting pressure and temperature shall be 
determined by bursting two or more specimens from a lot of 
the same material, and of the same size as those to be used. 

Every rupture disk shall have its specified bursting pressure, 
temperature, and lot number stamped upon the flange of 

316 



ADDENDA TO A.S.M.E. UNFIRED PRESSURE VESSEL CODE 

Par. U-10 {Continued) 

the disk itself or upon a metal tab permanently attached 

thereto. 

When a rupture disk is given a rated bursting pressure at a 
specified temperature, the increased bursting pressure at lower 
temperatures shall not exceed the proportional increased stress 
permitted at atmospheric temperature for the material of the 
vessel. 

Table U-2 Revise the following 

Spec. 

Spec. min For metal temperatures not exceeding deg F 

no. Grade tens. 650 700 750 800 850 900 950 1000 

SA-30 B 48000 9600" 9300 8750 7250 5900 4400 2600 1350 

SA-30 A 52000 10400 9900 9200 7700 6100 4400 2600 1350 

Table U-2 Add allowable stresses of 1400 and 900 psi 
at 1150 and 1200 F, respectively, for the following 

Specifications SA-213 Grade T13, SA-157 . Grade C5B, 
SA-158 Grades P5a and P5c, SA-213 Grade T5, SA-182 Grade F5, 
SA-157 Grade C5A, SA-158 Grades P3a, P3b, and Pll, SA-213 
Grades T3, Til, T12, T14, and T16, SA-182 Grade F3 

Table TJ-2 Replace reference to "S-4" by "SA-266" 

Table U-2 Delete references and values for "SA-176, 
Grades 1 and 2" 

Table TJ-2 For "SA-240," add Grades A, B, and B, with 
allowable stresses for those now listed for "SA-176, 
Grade 2" 

Table TJ-2 Add the following values 





Spec. SA-213 


Spec. SA-157 




Grade T13 


Grade C5B 


Notes 




(7) (8) 


Spec, min tensile, psi 


60000 


90000 


Metal temperatures, F 






—20 to 650 


12000 


15000 


700 


12000 


15000 


750 


12000 


15000 


800 


11800 


14000 


850 


11000 


12500 


900 


8800 


8800 


950 


6000 


6000 


1000 


4200 


4200 


1050 


3000 


3000 


1100 


2000 


2000 



Table U-2 For Specification SA-157, add stresses for 
Grade C5A, to be identical with those now given 
for Grade C5, which latter grade has been dropped 
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ADDENDA TO A.S.M.E. UNFIRED. PRESSURE VESSEL CODE 

Par. U-39 (a) Add the following 

C = 0.50 for beveled plates having a diameter, d 9 not ex- 
ceeding 18 in., inserted into shells, pipes, or headers, 
the ends of which are crimped over the bevel with the 
limitations shown in Fig. U-4(«). The crimping shall 
be done when the entire circumference of the cylinder 
is uniformly heated to a temperature of at least 1300 F. 
For this construction the ratio t s /d shall be not less 
than the ratio P/S nor less than 0.05. 




Fig. U-4 (») 

Fig. U-4(f) Add the following note 

Note: ta may be taken as the required thickness of a seamless shell when computing h. 

Par. U-66(i) Add the following 

except that when all of the pressure chambers are: 

(1) In a common cylindrical shell; 

(2) Designed for the same maximum allowable working 
pressure and temperature; 

(3) Required to have identical Code stamping. 

A single report form may be used to record all of the required 
data and only one set of stampings need be applied to the vessel. 
Also when a combination of chambers, carrying different 
pressures but having common parts, make up a single unit 
the several chambers shall be properly stamped but a single 
data sheet, with the necessary additions, may be used. 
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TABLE U-3 MAXIMUM ALLOWABLE DESIGN STRESSES FOR NONFERROUS MATERIALS, POUNDS PER SQUARE INCH 



Material 

and spec. 

no. 



Grade, type, or 

name 



Aluminum 

Plate, Sheet, or Strip 

SB- 178 Aluminum 

SB-178 Aluminum 

SB- 178 Aluminum 
Aluminum Alloys 

Plate, Sheet, or Strip 

SB- 126 Alum. Mang. 

SB-126 Alum. Mang. 

SB-126 Alum. Mang. 
Copper 

Bars, 

SB-12 

Pipe or tube 

SB-13 

SB-42 

SB-42 

SB-42 

SB-75 

SB-75 

SB-75 

SB-Ill 

SB-Ill 
Plate 

SB-11 
Copper Alloys 

Rod or Shapes 

SB-98 Copper Silicon A ( 
C, D 

SB-98 Copper Silicon A, 



Condition 



Annealed 
As rolled 
V« Hard 

Annealed 
As rolled 
»/4 Hard 



Annealed 

Annealed 
Annealed 
Light drawn 
Hard drawn 
Annealed 
Light drawn 
Hard drawn 
Light drawn 
Hard drawn 

Annealed 



>pper ! 

C, D 
Copper Silicon B 
Copper Silicon B 



SB-98 

SB-98 

Castings 

SB-61 

SB-62 

Pipe or Tube 

SB-43 Muntz 

SB-43 High Brass 

SB-43 Admiralty 

SB-43 Red Brass 

SB-Ill Alum. Brass 

SB-Ill Alum. Bronze 

SB-Ill Muntz 

SB-Ill Admiralty 

SB-Ill Red Brass 

SB-1 1 1 Copper Ni. 70-30 

SB- 1 1 1 Copper Ni. 80-20 

Plate or Sheet 

SB-96 Copper Si. A, C 

Alum. Bronze 

Naval Brass 

Muntz 

Admiralty 

Copper Ni. 70-30 



SB-171 
SB-171 
SB-171 
SB-171 
SB-171 

Nickel 

Bar, Rod, or Shapes 

SB-160 

SB-160 

Pipe or Tube 

SB-161 

SB-161 

SB-163 

SB-163 

Plate, Sheet, or Strip 

SB-162 

SB-162 

Nickel Alloy 8 

Bars, Rods, or Shapes 
SB- 164 Ni. Copper A & B 
SB- 164 Ni. Copper A 
SB-164 Ni. Copper B 
SB-166 Ni. Chrome Iron 
SB-166 Ni. Chrome Iron 
Pipe or Tube 
SB-163 Nickel-Copper 
SB-165 Nickel-Copper 
SB- 167 Ni. Chrome Iron 
Plate, Sheet, or Strip 
SB-127 Nickel-Copper 
SB- 127 Nickel-Copper 
SB-127 Nickel-Copper 
SB- 168 Ni. Chrome Iron 
SB- 168 Ni. Chrome Iron 



Soft 

»/t Hard 
Soft 
Vi Hard 



Annealed 
Annealed 
Annealed 
Annealed 
Annealed 

Annealed 
Annealed 
Annealed 
Annealed 
Annealed 

Annealed 
Annealed 
Annealed 
Annealed 
Annealed 
Annealed 



Annealed 
Hot rolled 

Annealed 
As drawn 
Annealed 
As drawn 

Annealed 
As rolled 



Annealed 
Hot rolled 
Hot rolled 
Annealed 
Hot rolled 

Annealed 
Annealed 
Annealed 

Annealed 
1/4 Hard 
As rolled 
Annealed 
As rolled 



Spec. 



For metal temperatures not exceeding deg F 



minimum Subzero 
Notes tensile to 150 250 



300 350 400* 450 500 550 600 700 800 



(8) 
(8) 
(8) 
(8) 
(8) 

(8) 
(8) 
(8) 



(3) 
(3) 
(3) 

(4) 
(4) 

(8) 
8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 

(3) 



(7) 

(i) 
(i) 

(2) 



(2) 
(2) 



11000 
13000 
14000 



14000 
17000 
17000 



30000 

30000 
30000 
36000 
50000 
30000 
36000 
50000 
36000 
50000 

30000 



2240 
2640 
2800 



2800 
3400 
3400 



1680 
2080 
2240 



2400 
3000 

3000 



1440 
1920 
2000 



2100 
2700 
2700 



1280 
1600 
1680 



1800 
2400 
2400 



6000 
6000 
7200 

10000 
6000 
7200 

10000 
7200 

10000 



5000 
5000 
6000 
9000 
5000 
6000 
9000 
6000 
9000 



4750 

4750 
5000 
7000 
4750 
5000 
7000 
5000 
7000 



4500 
4500 
4500 
5000 
4500 
4500 
5000 
4500 
5000 



(3), (5) 52000 10400 10400 10400 5000 



70000 
40000 
55000 

34000 
30000 

50000 
45000 
45000 
40000 
45000 
50000 
50000 
45000 
40000 
55000 
50000 

50000 
90000 
50000 
50000 
45000 
50000 



60000 
65000 

60000 
80000 
60000 
65000 

60000 
70000 



70000 
80000 
75000 
80000 
85000 

65000 
65000 
80000 

70000 
78000 
80000 
80000 
80000 



14000 

8000 

11000 

6800 
6000 

10000 

9000 

9000 

8000 

9000 

10000 

10000 

9000 

8000 

11000 

10000 

10000 
17000 
10000 
10000 
9000 
10000 



14000 

8000 

11000 

6800 
5500 

9000 
9000 
9000 
8000 
9000 
9000 
9000 
9000 
8000 
11000 
10000 

10000 
10000 
10000 
9000 
9000 
10000 



14000 

7000 

10000 

6500 
5000 

7000 
9000 
9000 
7000 
9000 
9000 
7000 
9000 
7000 
11000 
10000 



10000 
5000 
8000 

6000 
4500 

2000 
6000 
6000 
6000 
6000 
6500 
2000 
6000 
6000 
11000 
10000 



10000 5000 



12000 
13000 

12000 
16000 
12000 
13000 

12000 
14000 



14000 
16000 
15000 
16000 
17000 

13000 
13000 
16000 

14000 
15600 
16000 
16000 
16000 



12000 
13000 

12000 
16000 
12000 
13000 

12000 
14000 



14000 
16000 
15000 
16000 
17000 

13000 
13000 
16000 

14000 
15600 
16000 
16000 
16000 



10000 
7000 
9000 

10000 



12000 
13000 

12000 
16000 
12000 
13000 

12000 
14000 



14000 
16000 
15000 
16000 
17000 

13000 
13000 
16000 

14000 
15600 
16000 
16000 
16000 



6000 

2000 

6000 

10000 



12000 
13000 

12000 
16000 
12000 
13000 

12000 
14000 



1120 
1200 
1200 



1600 
2200 
2200 



6000 5000 4750 4500 3000 



3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 



6000 5000 4750 4500 3000 



5500 
3500 

1500 
3000 
5500 
3000 
3000 
3000 
1500 
5500 
3000 
11000 
10000 



3000 

1500 

5500 

10000 



12000 
13000 

12000 
16000 
12000 
13000 

12000 
14000 



14000 
16000 
15000 
16000 
17000 

13000 
13000 
16000 

14000 
15600 
16000 
16000 
16000 



5000 4000 3300 



1500 800 ... 

4500 800 . . . 

1500 800 

1500 800 

1500 800 

4500 ' 800 

1500 800 

11000 10000 10000 

10000 9500 8500 



4500 800 
10000 9500 9000 



14000 
16000 
15000 
16000 
17000 

13000 
13000 
16000 

14000 
15600 
16000 
16000 
16000 



9000 
8000 



8000 
7000 



8500 7500 



12000 
13000 

12000 
16000 
12000 
13000 

12000 
14000 



14000 
16000 
15000 
16000 
17000 

13000 
13000 
16000 

14000 
15600 
16000 
16000 
16000 



12000 
13000 

12000 
16000 
12000 
13000 

12000 
14000 



14000 
16000 
15000 
16000 
17000 

13000 
13000 
16000 

14000 
15600 
16000 
16000 
16000 



14000 
16000 
15000 
16000 
17000 

13000 
13000 

16000 

14000 
15600 
16000 
16000 
16000 



14000 
16000 
15000 
16000 
17000 

13000 
13000 
16000 

14000 
15600 

16000 
16000 
16000 



14000 . . . 

16000 

15000 

16000 16000 

17000 17000 

13000 . . . 

1300O 

16000 16000 

14000 

15600 

16000 

16000 16000 

16000 16000 






Notes: 

(1) As drawn, stress-equalized "condenser tubes." 

(2) Hot rolled, as rolled. 

(3) There is doubt concerning the suitability of this material when exposed to certain media, and/or high temperatures, particularly steam above 
212 F. The user should satisfy himself that it is satisfactory for the service for which it is to be used. 

(4) In the absence of evidence that the casting is of high quality throughout, values not in excess of 80 per cent of those given in the table shall be 
used. This is not intended to apply to valves and fittings made to recognized standards. 

(5) Types "A" and "C," for hot headed bolts only. 

(6) Types "A," "C," and "D" for machined bolts up to and including l 1 /* in. diameter. 

(7) Also cold hexagon squares and fiats. 

(8) "Minimum tensile strength" not given in specification. 
* For steam at 250 psi (406 F) the values given may be used. 
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ADDENDA TO A.S.M.E. UNFIRED PRESSURE VESSEL CODE 



Par. U-68 Revised second section 

In applying the rules in Par. U-20, a welded joint efficiency 
of 95 per cent may; be used, provided all weld reinforcement is 
removed substantially flush with the surface of the plate. 
Otherwise a joint efficiency not to exceed 90 per cent shall be 
used. 

Par. U-6S(h)(12b) Revised 

(b) Welds in which the radiographs show any type of crack 
or zones of incomplete penetration shall be unacceptable. 

Par. U-72(e) Revised first section 

(e) In all cases where plate edges of unequal thicknesses are 
abutted, the edge of the thicker plate shall be trimmed to a 
smooth taper extending for a distance at least four times the 
offset between the abutting surfaces as shown in Fig. U-I8V25 
so that the adjoining edges will be approximately the same 
thickness. The length of the required taper may include the 
width of the weld. 





Tapered vne 
s/afe only 
(ins 1 oh or 
oufsfde) 




(*) (*) (c) 

Preferred Method Permissible Not 

(Center Lines Coincide) (Circumferential Joints Only) Permissible 

Fig. Q-18 1 / 8 Butt Welding of Plates of Unequal Thickness 
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Par. U-71(a) Revised 

(a) Ferrous materials used in the fabrication of any fusion- 
welded drum, shell, or parts covered by this Code shall con- 
form to Specifications SA-7 (bar stock only), SA-27, SA-30, 
SA-31, SA-53, SA-70, SA-72, SA-83, SA-84, SA-89, SA-105, 
SA-106, SA-129, SA-135, SA-157, SA-158, SA-178, SA-181, 
SA-182, SA-192, SA-201, SA-202, Grade A, SA-203, SA-204, 
SA-206, SA-209, SA-210, SA-212, SA-213, SA-216, SA-217, 
SA-225, SA-240,* SA-249* Grades T8, T18, T19, and T20, 
SA-250, and SA-266. The carbon content in all such- materials 
shall not exceed 0.35 per cent. 

* Materials complying with these specifications to be used only under the conditions 
set forth in Case No. 897. 

Par. C7-76(c) Add the following to the last sentence 

to a temperature not exceeding 600 F. 

Par. U-78{g) Insert the following as the second section 

The segments or plugs after removal shall be properly stamped 
or tagged for identification and, after etching, kept in proper 
containers, with a record of their place of removal as well as 
of the welding operator who performed the welding. A record 
shall be made by the inspector of all specimens with their 
identification marks on a developed shell-plate diagram. After 
the acceptance of the vessel, the specimens may be retained 
by the purchaser, if he so desires. Otherwise they may be 
discarded. 

Par. U-78(g) Replace the present seventh section by 
the following 

Holes in welded joints left by the removal of trepanned plug 
specimens may be closed by any method approved by the 
authorized inspector. Some suggested methods for closing 
round plug openings by welding are as follows: 

(1) Insert and weld in special plugs of which some ac- 
ceptable types are shown in Fig. U-19. Type (a) is adapted 
to welding from both sides and should be used wherever that 
method is practicable, and types (b) or (c) when access is 
possible only from one side. The diameter of the filler 
plug shall be such as to make a snug fit in the hole to be filled. 
Each layer of weld metal as deposited shall be thoroughly 
peened to reduce residual stresses. The Y4-m. hole in the 
center of the plugs shown in Fig. U-19 may afterwards be 
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Par. U-78(g) {Continued) 

closed by any reasonable method. Plain plugs without a 
hole may be used. 

(2) For joints where the thickness of the thinner plate 
at the joint is not greater than one third of the diameter of 
the hole, place a backing plate on the inside of the tank shell 
over the opening and fill the hole completely with weld metal 
applied from the outside of the shell. Rebuild fillet welds 
where cut. 

(3) For joints where the thickness of the thinner plate 
at the joint is not less than one third, nor greater than two 
thirds the diameter of the hole, fill the hole completely with 
weld metal applied from both sides of the tank shell. Rebuild 
fillet welds where cut. 

(4) For butt joints where the thickness of the thinner 
plate at the joint does not exceed 7 /s in., chip a groove on 
one side of the plate each way along the seam from the hole. 
The groove at the opening shall have sufficient width to 
provide a taper to the bottom of the hole, and the length of 
the groove on each side of the opening is to have a slope of 
approximately 1 to 3. Use a backing plate on the side 
opposite which the chipping is done or a thin disk (not over 
Vs in. thick) at the bottom of the hole and fill the groove and 
the hole with weld metal. 

(5) For butt joints, and for plates of any thickness, chip 
a groove on both sides of the plate each way along the seam 
from the hole. The groove at the opening shall have suffi- 
cient width to provide a taper to the middle of the plate, 
and the length of the groove on each side of the opening is 
to have a slope of approximately 1 to 3. Place a thin disk 
(not over Vs in. thick) in the hole at the middle of the plate 
and fill the grooves and the hole on both sides with weld 
metal. 

The following is a suggested method for closing openings 
cut with a spherical saw: For butt-welded joints place a back-' 
ing plate, where necessary, on the inside of the vessel shell over 
the opening. For lap-welded joints, a part of the parent plate 
remaining opposite the removed weld will usually serve as a 
backing plate. Fill the opening completely with the weld 
metal. Rebuild fillet welds where cut. 
Par. U-120 Replace reference to "S-4 Specifications for 
Seamless Steel Drum Forgings" by "SA-266 Specifi- 
cations for Carbon-Steel Seamless Drum Forgings" 

321 
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ALTERNATE RULES FOR UKEIRED PRESSURE VESSELS 

Alternate rules for the construction of fusion-welded unfired 
pressure vessels are given in Pars. U-200 to U-2 10, inclusive, 
which permit liberalization of design stresses and welded 
joint efficiencies under certain restrictive construction rules 
which must be met in order to use the higher stress allowances. 
These rules apply only to seamless vessels and to fusion-welded 
vessels constructed under the provisions of Pars. U-6S and 
U-69, and to tubes for use in such vessels. Other applicable 
provisions of the Code, not specifically covered by these alter- 
nate rules, must be complied with in all respects. 

XJ-200 (a) Unfired pressure vessels constructed under the 
provisions of Par. U-68, and complying with other Code re- 
quirements except for the variations allowed in these alternate 
rules, shall be designated as Par. U-200 vessels. 

(b) A welded joint efficiency of 95 per cent may be used. 

(c) In the design of shells and heads, the maximum stresses 
in Table U-2 may be multiplied by 1.25 for use in the formulas 
of Par. U-20(a) and (b), U-36, U-39, and U-59. 1 

(d) The restrictive requirements of Pars. U-202 to U-207, 
inclusive, shall be complied with in all respects. 

U-201 (a) Unfired pressure vessels constructed under the 
provisions of Par. U-69, and complying with other Code re- 
quirements except for the variations allowed in these alternate 
rules, shall be designated as Par. U-201 vessels. 

(b) A welded joint efficiency of 80 per cent may be used. 

(c) In the design of shells and heads, the maximum design 
stresses of Table U-2 may be multiplied by 1.25 for use in the 
formulas of Pars.U-20(a) and (b), U-36, U-39, and U-59. 1 

(d) The restrictive requirements of Pars. U-202 to U-208, 
inclusive, shall be complied with in all respects. 

U-202 To the calculated thickness of shells, heads, and other 
pressure parts of steam, water, and air vessels shall be added a 
corrosion allowance of one sixth of the calculated thickness, 
or Vic in., whichever is the smaller. Vessels in other corrosive 
services shall be provided with appropriate corrosion allow- 
ances. 

U-203 All weld reinforcement for Par. U-200 vessels shall 
be removed flush with the surface of the plate. For both Pars. 
U-200 and U-201 vessels, where plate edges of unequal thick- 

1 Pending investigation of stress concentrations around supports and openings of 
spheres, reference to the formula in Par. U-20(c), which would allow an increase in 
design stress, has been withheld. 
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Par. U-203 (Continued) 

nesses are abutted, the edge of the thicker plate shall be 
trimmed to a smooth taper extending for a distance at least 
four times the offset between the abutting surfaces as shown in 
Fig. U-I8V2 so that the adjoining edges will be of approximately 
the same thickness. 

The length of the required taper may include the width of the 
weld. All other joint details shall conform to the requirements 
of Par. U-72. 

U-204 Stresses due to hydrostatic head shall be taken into 
account in determining the thickness to be used, also the total 
of other stresses due to loads such as the weight of the vessel, 
water, and distances between vessel supports, if these stresses 
increase the average stress over substantial sections of the shell 
or head by more than 10 per cent. 

U-205 Large temperature differentials in heads or shells 
shall be avoided or the effect reduced by shields or other suitable 
means. 

U-206 (a) For heads, the increased design stresses authorized 
in Pars. U-200 and U-201 may be used only for flat heads and 
for hemispherical or ellipsoidal heads with pressure on the 
concave side. 

(b) The following heads and other parts shall be designed 
using stresses as given in Table U-2 (without any multiplying 
factor) but may be used with shells constructed according to 
these alternate rules: * 

(1) Dished heads, other than hemispherical or ellipsoidal; 

(2) All unstayed dished heads with pressure on the 
convex side; 

(3) Ellipsoidal heads with flanged-in or other un- 
reinforced manholes; 

(4) All stays, braces, and parts requiring* staying; 

(5) Flanges. 

TT-207 In determining the maximum size of an unreinforced 
opening under Par. U-59(a), the value of K to be used in 
connection with the chart in Fig. U-S shall be 1.1 times the 
value of K computed by the formula of that paragraph for the 
part of the shell that contains the opening. When computing 
K by the formula in Par. U-59(a), the pressure P shall be that 
for which the vessel is designed, S shall be 1.25 times the value 
from Table U-2, and / shall be the actual full thickness of the 
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Par. U-207 (Continued) 

shell at the location of the opening. Where K so computed 
is unity or greater, the maximum size of unreinforced opening 
shall be 2 in. 

TJ-208 (a) Vessels constructed in accordance with Par. 
U-201 shall comply with the fusion welding requirements of 
Par. U-69; and in addition portions of the completed welded 
joints shall be examined either by spot- radiographing, by sec- 
tioning, or by a combination of both methods. 

(b) Spot Radiographing. When the welded joint is to be 
examined by spot radiographing, the technique shall be that 
describedin Par. U-68(h) and the radiograph shall comply with 
the standards specified in Par. U-68(h)(12) except as allowed 
under retests. 

(c) Sectioning. When the welded joint is to be examined 
by sectioning, the specimens removed shall be such as to provide 
a full cross section of the welded joint and may be removed by 
trepanning a round hole or by any equivalent method. 

Cylindrical specimens or those not having a plane surface 
shall be sectioned across the welds to obtain plane surfaces 
which shall include the full width of the weld. The plane 
surfaces shall be polished to a bright, smooth condition which 
may be accomplished by filing or grinding and polishing with 
emery cioth and should be completed with the use of emery 
cloth of grade 00. The specimen shall then be etched by any 
method or solution which will reveal the defects without unduly 
exaggerating or enlarging them (See Par. UA-85). 

Sections removed from the welded joint shall show neither 
cracks nor lack of fusion. Gas pockets and slag inclusions shall 
be permissible only: 

(1)^ When there is slag inclusion between layers, sub- 
stantially parallel with the plate surface and which is not 
more than one half the width of the weld metal; 

(2) When there is slag inclusion across the thickness of 
the plate not more than 10 per cent of the thickness of the 
thinner plate; 

(3) When there are gas pockets that do not exceed Vie 
in. in greatest dimension and when there are no more than six 
gas pockets of this maximum size per square inch of the weld 
metal or where the combined areas of a greater number of 
pockets do not exceed 0.02 sq in. per square inch of weld 
metal. 
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Par, U-208 (Continued) 

Openings resulting from the removal of specimens may be 
closed by any method approved by the authorized inspector. 
Some acceptable methods for closing openings resulting from 
sectioning are given in Par. U-78(g). 

(d) At least one spot shall be examined in each vessel except 
that when there are a number of similar vessels, each having 
less than 50 ft of welded longitudinal and circumferential joints, 
built at the same time and under the same specifications, one 
examined spot for each 50 ft or fraction thereof will suffice; 
two spots shall be examined in vessels having more than 50 ft 
of welded joints; and three spots shall be examined in vessels 
having more than 100 ft of welded joints. If more than one 
welding procedure is used or if more than one operator does the 
welding, at least one spot shall be examined for each procedure 
and for each operator. 

The authorized inspector shall designate the spots on the 
welded joints to be examined. 

(e) Retests. (1) Radiography. When a spot has been 
examined by radiography and the welding does not comply 
with the quality requirements referred to in (b), two additional 
radiographs shall be taken at locations indicated by the in- 
spector. If either of the two additional radiographs fails to 
meet the standards described in (2), the full lengths of all the 
main seams shall be radiographed and all defects not permitted 
in (2) shall be chipped out, rewelded, and reradiographed. 

Should the first spot radiograph fail to meet the minimum 
quality requirements described in (2), the full lengths of all the 
main seams shall be radiographed and all defects not permitted 
in (2) shall be chipped out, rewelded, and reradiographed. 

(2) Welds in which radiographs show elongated slag inclu- 
sions, cavities, or lack of fusion, shall be unacceptable if the 
length of any such imperfection is greater than 2 /sT, where T 
is the thickness of the thinner plate. If several imperfections 
within -the above limitations exist in line, the welds shall be 
judged acceptable if the sum of the longest dimensions of all 
such imperfections is not more than T in a length of 6T, and if 
the defects are separated by at least 6L of acceptable weld 
metal, where L is the length of the shortest imperfection. The 
maximum length of acceptable defect for any plate thickness 
shall be 3 A in. Any defect shorter than x / 4 in. shall be ac- 
ceptable for any plate thickness. The maximum permissible 
porosity shall be that prescribed for Par. U-68 vessels, except 
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ADDENDA 

TO 

A.S.M.E. BOILER CONSTRUCTION CODE 

Unfired Pressure Vessel Code 

Approved by Council, The American Society of Mechanical Engineers, 
July IS, 1945 

Par. U-41 (b)(6) Revised 

(6) The provisions of Par. U-40 are followed using the 
following values of the constant (C) : 

C = 112 for plates Vie in. thick or less, for the detail shown 

in Fig. U-6(tf), (H) 3 and (<?);. 
C — 120 for plates over 7 /i6 in. thick, for the detail shown 

• in Fig. U-6(*), (b)> and (e\; 
C = 135 for details shown in Fig. U-6(*) and (d). 

Par. U-41(c) Add the following as (8) 

(8) The maximum spacing of stays is determined by the 
formula in Par. U-40(#), using: 

C = 112 if either plate is 7 /ifl m * thick or less; 

C = 120 if both plates are more than 7 /i6 in. thick. 

Par. U~59(h)(l) Add "except as permitted otherwise in 

(3)" 

Par. U~59(h) Add the following as (3) 

(3) The minimum size of attachment welds for threaded 
connections not exceeding 3 in. pipe size of which some accepta-' 
ble designs are shown in Fig. U-10(/) to (w), inclusive, need not 
conform to the minimum values under this figure, but shall con- 
form to Par. U-59(g). 

Par. J7-59(o) Add the following 

When nozzles or couplings are attached to drums, shells, or 
headers of unfired pressure vessels as shown in Fig. U-IO(^) 
and (d) y and are welded from one side only, backing strips must 
be used except: 
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Par. U~59(o) (Continued) 

(1) When the wall thickness to which the nozzle or cou- 
pling is attached is not greater than 3 /g in.; 

(2) When the inside of the joint can be visually inspected 
so that the inspector may satisfy himself that complete pene- 
tration is obtained. 

Par. U-59(p) Revised first two sections 

(p) When vessels are built in accordance with Par. U-68, 
all connections after being attached by fusion welding shall 
be stress-relieved except as allowed otherwise in this paragraph. 

When vessels are built in accordance with Par. U-69 and are 
required to be stress-relieved, all connections and other at- 
tachments after being attached by fusion welding shall also 
be stress-relieved except as allowed otherwise in this para- 
graph. When vessels are built in accordance with Par.' U-69 
and are not required to be stress-relieved, connections and 
other attachments after being attached by fusion welding need 
not be stress-relieved. 

Fusion-welded connections may be added to a vessel after it 
has been stress-relieved, without requiring stress-relief provided: 

(1) The diameter of the attachment, opening in the vessel 
wall does not exceed that allowed for an unreinforced open- 
ing; or does not exceed 2 in., whichever is smaller; 

(2) The inside and outside attachment welds do not 
exceed 3 /s in. throat dimension. 

This provision does not apply to those connections so placed 
as to form ligaments in the shell, the efficiency of which will af- 
fect the shell thickness. Such added connections shall be stress- 
relieved. 

Par. U-59(s) Add the following 

When end faqes of nozzle or manhole necks are to remain 
unwelded in the completed vessel, these end faces shall not be 
cut by shearing unless at least Vs in. of additional metal is 
removed by any method that will produce a smooth finish. 

Par. U-60(b) Revised 

(b) Lugs or brackets connected to a vessel used for support 
or piping connected to it shall be properly fitted to the surfaces 
to which they are attached. For lugs or brackets attached by 
riveting, the shearing and crushing stresses shall not exceed 40 
per cent' of the maximum allowable working stresses given in 
Pars. U-15 and U-16. 
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Par. U-60 Add the following as (c) 

(c) External piping where connected to a pressure vessel 
should be installed so as not to overstress the vessel wall. 

Par. U-66 Revised 

U-66 Stamping, (a) The manufacturer shall stamp^ each 
pressure vessel constructed in compliance with the Code in the * 
presence of the inspector, after the hydrostatic or permissible 
air test, in the shop of the manufacturer, except that: 

(1) In cases where pressure parts cannot be completed 
and tested before shipment, proper stamping as called for in 
(f ) shall be applied at the shop and the data sheets signed by 
the same or different inspectors who shall indicate the por- 
tions of the inspections made at the shop and in the field; 

(2) In cases of field-erected vessels, the stamping shall be 
applied by the manufacturer in the presence of the inspector 
after the final pressure test. 

The stamping on the vessel shall consist of the A.S.M.E. 
Code symbol (shown in Fig. U-12), the manufacturer's name, 
the manufacturer's serial number, the working pressure, and 
the year built, denoting that the vessel was constructed in ac- 
cordance therewith. The maximum temperature correspond- 
ing with the maximum allowable working pressure shall also be 
stamped on the vessel. 

(b) If the vessel is of fusion welded construction or if it has 
welded pressure parts, the number of the paragraph under which 
the welding was done shall be stamped under the Code symbol. 

(c) If the circumferential or longitudinal joint or joints of a 
vessel are brazed, forge welded, or resistance welded, the letters 
"BRZ," "FGD," or "RES," as the case may be, shall be 
stamped under the Code symbol. When a vessel is built 
of a combination of types of construction as mentioned above, or 
different types of fusion welding, the stamping on the vessel 
shall indicate the various classes. 

(d^ The stamping on the vessel shall be arranged sub- 
stantially as shown in Fig. U-13. These markings shall be 
legibly stamped on the vessel, except as provided in (e), with 
letters and figures at least 5 /i 6 in. high on the vessel near a man- 
hole, if any, or handhole, or in some conspicuous place. 

(e) For vessels constructed of plate less than 1 /i in. thick, 
name plates bearing the official marking must be used, on which 
the data required by (d), excepting the Code symbol and serial 
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Par. U-66 {Continued) 

number, may be etched, cast, or impressed.' Name plates may 
be used on vessels constructed of plate 1 /i in. or more in thick- 
ness in lieu of stamping applied directly to the vessel. Such 
plates shall be brazed or otherwise irremovably attached to the 
vessel and located as described in .(d). The letters and figures 
on a name plate, if used, shall be not less than fi / 32 in. high. 

The Code symbol and other required data not on the name 
plate when made must be stamped on these name plates. This 
stamping may be done prior to its being affixed to the vessel in 
which case the inspector shall see that the name plate with the 
correct stamping is applied to the proper vessel. 

(f) When only a "part" of an unfired pressure vessel is 
supplied -and the data are recorded on Manufacturers' Data 
Report Form U-2 (See Par. U-65c), unless otherwise specified, 
it shall be stamped with: 

(1) A.S.M.E. Code symbol and underneath the symbol 
the word "part," 

(2) Name of manufacturer, 

(3) Manufacturer's A.S.M.E. serial number of that 
part, 

(4) Maximum allowable working pressure, 

(5) Year built. 

This does not apply to such parts as handhole covers, manhole 
covers, or their parts. 

.(g) On vessels having two or more separate jparts or pres- 
sure chambers, the stamping may, under the conditions de- 
scribed in (i), be grouped in one location and so arranged^ that 
the data for the separate parts can be properly identified. 
Such pressure parts must be stamped sufficiently to identify 
them with the vessel or chamber of which they form a part. 

(h) The required stamping shall not be covered perma- 
nently with insulating or other material. 

(i) When an unfired pressure vessel unit consists of more 
than one pressure chamber operating at the same or different 
pressures, each such pressure chamber (vessel) which operates 
at a pressure above 15 psi shall be subject to the required 
inspections and hydrostatic tests. The part or pressure cham- 
ber tested shall be stamped so as to indicate that the stamp- 
ings apply only to the chamber (vessel) tested such as "jackets 
only," "stock space only," etc. 
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(j) Vessels built under the rules of Pars. U-140 to U-142 
shall be stamped also with the lowest permissible temperature. 
If the required stamping is to be directly on the special 
seamless type of vessels, it shall be applied only to some 
thickened or reinforced portion of the vessel. 

Par. U-68(h)(2) Revised first sentence 

All welded joints to be radiographed shall be prepared as fol- 
lows: The weld ripples or weld surface irregularities, on both 
the inside and outside, shall be removed by any suitable me- 
chanical process, to a degree such that the resulting radiographic 
contrast due to any remaining irregularities cannot mask or be 
confused with that of any objectionable defect. Also the weld 
surface shall merge smoothly into the plate surface. 

Par. U-68(h)(12a) Revised 

(a) Welds in which the radiographs show elongated slag 
inclusions or cavities shall be unacceptable if the length of any 
such imperfection is greater than l /zT i where Tis the thickness 
of the thinner plate welded. If several imperfections within the 
above limitations exist in line, the welds shall be judged ac- 
ceptable, if the sum of the longest dimensions of all such imper- 
fections, is not more than T in a length of 12 T and if the defects 
are separated by at least QL of acceptable weld metal, where L is 
the length of the longest imperfection. The maximum length of 
acceptable inclusion for any plate thickness shall be 74 in. 
Any slag inclusion shorter than x /i in. shall be acceptable for any 
plate thickness. 

Par. U-70 Add the following as (f) 

(f) Vessels assembled in the field shall not be built under 
the requirements of Par. U-70. 

Par. U-78(g) Revised items (1) and (2) of fifth section 

(1) When the width of any single slag inclusion between 
layers of weld metal substantially parallel with the plate sur- 
face is not greater than one half the width of the weld metal 
where the slag inclusion is located; 

(2) When the total thickness of all of the slag inclusions in 
any plane at approximately right angles to the plate surface is 
not greater than 10 per cent of the thickness of the thinner 
plate. 
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Pars. U-140 to U-144 Revised 

Note: This revision of requirements for vessels for low temperature service 
consists of a rearrangement of the material in the existing Code and a clarifica- 
tion of the requirements. There has been only minor change in the intent. 

These rules cover the additional requirements for vessels intended for use at tem- 
peratures below —20F in. which region many of the materials acceptable for service 
at normal temperatures suffer such loss of impact resistance as to become unable to 
safely resist shock or sudden changes of stress or stresses at points of high-stress 
concentration. They cover vessels for use with any liquid or gas under the limita- 
tions of other sections of the Code. 

XI-140 Materials, (a) Materials shall conform to the 
specifications given in Par. U-13, or in this paragraph. If the 
vessels are fabricated by fusion welding, the materials, if 
ferrous, shall conform to the specifications given in Par. U-71; 
if nonferrous, with Specification SB-96 or SB-98 for copper 
silicon alloys,* SB-127 for nickel-copper alloy,* SB-Ill for cupro- 
nickel, SB-11, SB-13, SB-42, SB-75, or SB-Ill for copper.* 

(b) Seamless materials conforming to Specification SA-53, 
with the following additional requirements as to tensile proper- 
ties, may be used for the manufacture of special seamless con- 
tainers under the design limitations given in Par. U-141(b). 

Minimum Tensile Elongation in 2 In., 

Strength, Psi Per Cent 

62,000 25 

75,000 22i/ 2 

90,000 _ 18 

(c) All materials shall meet the impact test requirements of 
Par. U-142. If welded, the deposited weld metal and the heat 
affected zone shall also meet the impact test requirements of 
Par. U-142. 

U-141 Design (a) The design and construction of ves- 
sels to operate at low temperature shall conform to the rules of 
this Code that are applicable to the type of fabrication used. 
If of welded construction, they shall conform to the require- 
ments for welding given in Par. U-68 or U-69, or in Par. U-200 
or U-201. 

(b) Design stresses of one quarter the minimum tensile 
strengths specified in Par. U-140 (b) for Specification SA-53 
material may be used for special seamless containers, provided 
the following additional requirements are met: 

* For welding of copper silicon alloys see Case No. 864, for nickel-copper alloy see 
Case No. 935, and for copper see Case No. 934. 
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Par. U-141 (Continued) 

(1) The vessels are seamless with no holes except as herein 
provided; 

(2) The end or head to which any attachments are made 
is thicker than the shell portion; 

(3) The thickness of the vessel is gradually increased 
near the head to minimize stress concentrations; 

(4) Outlet openings are not to exceed 3 A in. standard pipe 
size and are to be placed in the thickened part at or near the 
head at a point where the calculated stress, without holes, is 
not more than one half of the maximum allowable stress. 

(5) No welding is utilized. 

Two acceptable forms for the special containers covered by 
this paragraph are shown in Fig. U-30. 

Note: Considerable discussion has occurred in regard to Par. U-142. There 
are controversial opinions as to the suitability and applicability of impact tests 
in determining the safety in using a given material in a given design for a given 
set of operating conditions. The continuation of existing intent in4his revision 
is not an implication that further revisions^ particularly of Par. U-142, are not 
needed. 

U-142 Impact Tests. (a) > Impact tests shall be run at 
the lowest temperature to which the vessel may be subjected 
during the operating cycle (an exception for dry ice converters is 
given in Case No. 845). 

(b) Number of Tests. (1) For each pressure vessel, 
except as provided in (4), there shall be made one set of impact 
tests from each heat of material used for shell, heads, nozzles, 
or other pressure part in the assembly, except that no impact 
test is required for material to be used for nozzles, flanges, or 
covers having a thickness less than 0.098 in., or for material 
around openings that do not require reinforcement in accordance 
with Pajr. U-59. Certified reports of impact tests by the material 
producer will be acceptable evidence provided the material is 
not subjected to treatment during or following fabrication that 
will alter its impact resistance; if such treatment is subse- 
quently applied to the material, the impact test must be made 
on specimens that are representative of the condition in which 
the material will be used. The length of the impact specimen 
shall, wherever possible, be taken parallel to the direction of the 
expected maximum stress. The required specimens for special 
seamless vessels may be taken from the end before the shell is 
thickened for closure. 
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(2) Each set of impact tests shall consist of three specimens. 

(3) In addition, if the vessels are of welded construction, 
test plates similar to those required by Par. U-68 shall be 
prepared for each vessel except as provided in (4). The. test 
plate material shall be taken from one of the heats of material 
used in the vessel. One set of impact specimens shall be 
taken across the weld with the notch in the weld metal and one 
set shall be similarly taken with the notch in the adj acent metal 
in the heat-affected zone. 

(4) For small vessels not exceeding the volume limitations 
defined by items (1) and (2) of Par. U-l(a), one set of speci- 
mens may represent all vessels from the same heat of material 
not in excess of 100 vessels or one heat-treatment furnace batch, 
whichever is smaller. In addition, when such vessels are 
welded, one test plate made from one of the heats of material 
used and two sets of impact specimens cut therefrom may repre- 
sent the weld metal and the heat-affected zone metal respec- 
tively of one lot of 100 vessels or less, or of each heat-treatment 
furnace -batch, whichever is smaller. 

(c) Temperatures of Tests, Impact-test specimens shall 
be cooled to the temperature required for the test specified in 
(a) of this paragraph at which the vessel is to be operated. 
The specimens shall be uniformly cooled by subjecting them 
to the test temperature for at least 30 min and the handling 
tong shall be cooled similarly. The test shall be made within 
8 sec after removal from the cooling medium. 

(d) Tests and Test Specimens. Charpy-type impact tests are 
preferred. However, where this type of machine is not available, 
the Izod test may be substituted. The standard 10 mm X 10 mm 
specimen shall be used where the thickness is Vie in. or greater and, 
for thinner material, a similar specimen shall be used, except 
that the dimension along the axis of the notch shall be reduced 
from 10 mm to the largest possible of 7.5 mm, 5 mm, or 2.5. 

(e) Details of Charpy Test, Charpy tests shall be made 
on a standard Charpy machine using a keyhole or equivalent 
notch specimen as shown in Fig. U-31. The impact properties 
shall conform to the following: 



Charpy Impact 
Specimens, Keyhole 
or Equivalent Notch 


Min Impact Value, 
■ Ft-Lb at Min Operating 
Temperatures 


10 mm X 10 mm 
10 mm X 7.5 mm 
10 mm X & mm 
10 mm X 2.5 mm 


15 

12.5 
10 
5 
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(f) Details of Izod Test. Izod tests shall be made on a 
standard Izod machine using & V-notch specimen as shown in 
Fig. U-32. The impact properties shall conform to the follow- 
ing: 

Izod Impact Specimens, Min Impact Value, Ft-Lb at 

V-Notch Min Operating Temperatures 

10 mm X 10 mm 18 

10 mm X 7.5 mm 15 • 

10 mm X 5 mm - 10 

10 mm X 2.5 mm 4 

(g) Impact Test Results. Each impact test specimen of 
the set shall meet the minimum requirements. When an erratic 
result is caused by a defective specimen, or there is uncertainty 
in test procedure, a retest will be allowed. 

(h) Heat-Treatment of Test Plates. When the vessel is 
to be heat-treated, the test plates or samples from which the 
impact specimens are to be cut shall be heat-treated in the same 
manner as the vessels, before any machining. 

Par. U-143 Omit 

Par. U-144 Omit 

Par. U-204 Revised 

U-204 Stressesdue to hydrostatic head shall be taken into 
account in determining the minimum thickness of the shell or 
head. Additional stresses, imposed by effects other than work- 
ing pressure and static head, which increase the average stress 
over substantial sections of the shell or head by more than 10 
per cent of the allowable working stress shall be taken into ac- 
count. These effects include the weight of the vessel and its 
contents, and method of support. 

Par. U-208(c) Revised second section 

The specimens shall be ground or otherwise smoothed and 
then etched by any method or solution which will reveal the 
defects without unduly exaggerating or enlarging them (See 
Par. UA-85). 

Revised items (I) and (2) of third section 

(1) When the width of any single slag inclusion between 
layers of weld metal substantially parallel with the plate sur- 
face is not greater than one half the width of the weld metal 
where the slag inclusion is located; 
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(2) When the total thickness of all of the slag inclusions 
in any plane at approximately right angles to the plate sur- 
face is not greater than 10 per cent of the thickness of the 
thinner plate. 

Par. U-2Q8(d). Add the following to the first section 

Any spot examined by this method may coincidentally repre- 
sent one procedure, one operator, and one interval of 50 ft of 
joint length. 

Par. U-208 (e)(2) Insert the following as the first sen- 
tence 

Welds in which the radiographs show any type of crack or zones 
of incomplete penetrations shall be unacceptable. 

Form TJ-1 Manufacturers' Data Report for Vnfired 
Pressure Vessels. Revised item 20 

20. Nonpressure parts, (a) Supporting lugs, No Sup- 
porting skirts .... (b) Other nonpressure parts. Kind and 
number '(c) Where and how attached 

Table UA-3 Change title to read.\ "Dimensions of 
Class 125 Cast-Iron Flanges; 99 add the following to 
the note 



For maximum water service pressures at or near the ordinary range of air tempera- 
ture 175 psi (gage), sizes 1 to 2 in,, inclusive, apply. 
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TABLE UA-4 CAST-IRON FLANGED FITTINGS 

DIMENSIONS OF CLASS 250 CAST-IRON FLANGES 

The following table is taken from ASA B16b-1944 



Nominal 
pipe 
size, 
in. 


Diameter 

of flange, 

in. 


Thickness 

of flange, 

min, 2 

in. 


Diameter 

of raised 

face, 

in. 


Diameter' 

of bolt 

circle, 

in. 


Diameter 
of bolt 
holes, 1 

in. 


Number 
of boltsi 


Size 

of bolts, 

in. 


Length 

of bolts, 4 

in. 


Wall* 

thickness 

of body, 

in. 


Face-to-face 

dimension 

of length 

of tee, 

in. 


1 


4'A 


n /l6 


2"/» 


31/2 


3 A 


4 


S A 


21/2 






l l A 


51/4 


3 A 


3V« 


3 7 A 


3 A 


4 


7a 


272 






11/2 


61/8 


»/« 


3 9 /lG 


41/2 


7 A 


4 


74 


23/ 4 






2 


6V2 


7 A 


4Vl6 





3 A 


S 


7s 


2»/« 


v« 


10 


2Va 


7i/ 2 


1 


4"/ie 


57s 


7 A 


8 


3 A 


374 


72 


11 


3 


81/4 


lVs 


5"/l6 


6V8 


7 A 


8 


3 /4 


372 


v« 


12 


31/2 


9 


1V16 


6V16 


71/4 


7 A 


8 


74 


372 


v» 


13 


4 


10 


VA 


6is/i6 


7 7 /s 


7 A 


8 


74 - 


33/4 


7s 


14 





11 


lVs 


8s/» 


91/4 


7 A 


8 


3/4 


4 ■ 


U /l6 


16 


6 


I2V2 


V/u 


9»/w 


10&A 


7 A 


12 


3 A 


4 


3 A 


17 


Co 8 


15 


lVs 


lliVit 


13 


1 


12 


7a 


41/2 


13/lG 


20 


CO 10 


171/2 


i 7 A 


147k 


151/4 


17a 


16 


1 


574 


I7l6 


23 


-*J 12 


2OV2 


2 


16V16 


173A 


174. 


16 


17e 


572 


1 


26 


14 OD 


23 


2i/s - 


1815/16 


201/4 


PA 


20 


17s 


6 


11/8 


30 


16 OD 


251/2 


21/4 


21 V» 


22i/ 2 


13/ 8 


20 


HA 


674 


HA 


33 


18 OD 


28 


2V» 


23Vie 


'243A * 


13/8 


24 


1V« 


67* 


13/ 8 


36 


20 OD 


30V 2 


2Va 


25Vn 


27 


13/8 


24 


"1V« 


63/ 4 


11/2 


39 


24 OD 


36 


2»A 


30iA 


32 


in/is 


24 


172 


73/4 


178 


45 


30 OD 


43 


3 


37Vn 


39i/4 


2 


28 


1 3 A 


87s 






36 OD 


50 


3Ve 


4311/is 
50Vm 


46- 


21/4 


32 


2 


91/2 






42 OD 


57 


311/16 


52»A 


274 


36 


.2 


101/4 






48 OD 


65 


4 


58'/i6 


60'A 


21/4 


40 


2 

• 


1074 







Note*. These flanges and fittings are rated as follows: For maximum saturated steam service pressures of 250 psi (gage), sizes 1 to 12 in., 
incl., 200 psi (gage), sizes 14 to 24 in., inch, 100 psi (gage), sizes 30 to 48 in., incl.; for maximum water service pressures at or near the 
ordinary range of air temperature, 400 psi (gage), sizes 1 to 12 in., incl., 300 psi (gage), sizes 14 to 48 in., incl. 

1 Note : Drilling templates are in multiples of 4, so that fittings may be made to face in any quarter, and bolt holes straddle the center 
line. For bolts smaller than 11/2 in., the bolt holes shall be drilled 7e in. larger in diameter than the nominal diameter of the bolt. Holes 
for bolts I1/2 in- shall be drilled 3 /i 6 in. larger in diameter than the nominal diameter of the bolt. Holes for bolts 17* iu. and larger shall 
be drilled 1 /a in. larger than nominal diameter of bolts. 

2 Note: All class 250 cast-iron standard flanges have a i/is-in. raised face. This raised face is included in the face-to-face, center-to- 
face, and the minimum thicknesses of flange dimensions. 

3 Wall thickness at no point shall be less than 871/2 per cent of the dimensions given in the table. 
* The bolting shall conform at least with the requirements of Par. 8 of ASA B 16b- 1944. 
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